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Acyl transfer reactions of diphenylphosphine oxides. 
Diphenylphosphine oxide anions may be alkylated with aldehydes to give 3-
hydroxyphosphine oxides. In the case of alkylphosphine oxides, the erythro 
isomer predominates to the extent of 6:1. Unlike the betaines formed in the 
Wittig reaction, these compounds are stable crystalline solids and may be 
purified to give single diastereoisomers. Completion of the Horner-Wittig 
reaction with a sodium or potassium base gives stereospecifically the Z-
olefin in high yields. 
In a complementary reaction sequence, the diphenylphosphine oxide anion may 
be acylated to give 3-ketophosphine oxides. Stereoselective reduction with 
sodium borohydride gives (6:1) threo-hydroxydiphenylphosphine oxides. 
Stereospecific elimination of diphenylphosphinite gives pure I-olefin. 
This dissertation describes the effect of an extra hydroxyl group in the 
phosphine oxide on the stereoselectivity of these reactions and how, in 
suitable conditions, participation by this group may alter the course of the 
reaction. 
3- and 4-diphenylphosphinoyl alcohols may be prepared by a variety of methods 
including the opening of epoxides by phosphine oxide anions, a reaction which 
itself exhibits interesting stereocontrol. The dianions of these alcohols 
may be alkylated with aldehydes to give 3-hydroxyphosphine oxides. The 
stereoselectivity of these reactions is poor (typically 5:3 erythro:threo) 
and they do not succeed with enolisable aldehydes . .!_-Butyldimethylsilyl 
protected alcohols can be successfully alkylated by even enolisable aldehydes 
but again with little or no selectivity. 
Treatment of esters of these alcohols with lithium diisopropylamide in 
tetrahydrofuran initiates a rearrangement in which intramolecular O ~ C 
carboxyl transfer occurs to give 3-ketophosphine oxides in high yield. The 
rearrangement succeeds with both alkyl and aryl esters. Reduction with 
sodium borohydride gives threo-hydroxyphosphine oxides (typically 3:1 
threo:erythro although one example of at least 15:1 selectivity was 
observed). Completion of the Horner-Wittig reaction gives pure E-homoallyl 
alcohols. When applied to a suitable lactone substrate, the carboxyl 
transfer reaction takes on the guise of a carbocyclic ring expansion . By a 
suitable choice of phosphine oxide starting material, both 2- and 3-carbon 
ring expansions may be achieved. 
Treatment of the 3-ketophosphine oxides with a potassium base (specifically 
potassium .!_-butoxjde in .!_-butanol) results in C 7 0 phosphinoyl transfer to 
give an enolate which is not isolated but which eliminates 
diphenylphosphinite to give a cyclopropyl ketone in virtually quantitative 
yield. 
Alternatively, by the use of the more nucleophilic base potassium hydroxide 
in water, the enolate so formed is protonated and the resulting phosphinate 
ester hydrolysed to give a 4-hydroxyketone. 
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-Introduction 
Organophosphorus compounds have a long history. In 1854 
Clermont reported the synthesis of tetraethyl pyrophosphate 
and described it as having a burning taste. This compound 
was subsequently shown to be an insecticide and since then 
other phosphorus-containing compounds have been prepared 
with valuable biological or industrial properties. 1 
Apart from this interest in organophosphorus compounds for 
their own sake, they have become of increasing importance 
as reagents for general organic synthesis. The first 
example of an alkylidene phosphorane was prepared as early 
as 1919 2 but it was not until Wittig's discovery3 in 1953 
that such ylids could react with carbonyl compounds to form 
olefins (scheme 1) that their widespread application was 
realised. 
~ 
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Scheme 1 
Subsequent work by Wittig and others4- 8 showed the 
generality of this reaction which now bears his name. The 
main virtue of the Wittig reaction was its 
regiospecificity. The position of the double bond in the 
product would be between the carbon atoms originally 
bearing the phosphorus and carbonyl groups. This was so 
even when the double bond so formed was not in the 
thermodynamically most favourable position. Thus the 
exocyclic methylenecyclohexane (1) could be prepared free 
from the endocyclic isomer (2) which invariably accompanied 
(1) in alternative syntheses. 4 
+ c5 0 Ph3P-CH2 
6 ~ C1) 
1. MeMgBr Me 
c5 6 11. H+ ----.. + 'I 
(2) ( 1) 
A disadva~tage of the Wittig reaction is its lack of 
stereoselectivity. This was first observed by Wittig and 
Schollkopf, 4 who showed that the ylid (3) reacted with 
benzaldehyde to give a 1:1 mixture of ~-(4) and f-(5) 
dienes. 
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PhCHO Ph~ F 
Ph 
( s) (4) 
This was not considered significant at the time as there 
was no reason to expect stereoselectivity in the reaction. 
Further investigation by Bergelson and Shemyakin9 showed 
that the stereochemical outcome of the Wittig reaction 
could be altered by varying the solvent and base employed, 
and by the use of various additives. This work was to lay 
the foundation for further mechanistic studies by 
Schlosser10 and others. The conclusion of these studies 
was that the initial step of the reaction is nucleophilic 
attack by the ylid on the carbonyl double bond leading to a 
pair of diastereoisomeric betaines (6a) and (6b). These 
then decompose via ll-l3 the four-centered cyclic 
intermediate (7) with a stereospecific syn elimination14 , 15 
of triphenylphosphine oxide to give the olefin (8). For 
reasons which are still not fully understood, there appears 
to be a kinetic preference for the formation of the 
erythro-betaine (6a). Elimination of triphenylphosphine 
oxide then gives stereopecifically the Z-olefin (8a). 
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+ R2 CHO 
II 
( 7b) 
R1 f 
~R2 
(Ba} ( Sb) 
Experiment supports this theory. When R1 is not electron 
withdrawing it is the Z-alkene which predominates. 
Betaine formation is, however, reversible14 , 16 , 17 and thus 
isomerisation to the thermodynamically more stable threo-
betaine is possible. In general , i t is found that ylids 
having an electron-withdrawing group R1 in the alpha-
position ("stabilised ylids") give predominantly E-olefin. 
The products are nevertheless often formed as mixtures and 
separation of the double-bond isomers can be difficult . 
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In 1958, Horner discovered18 that the carbanion formed from 
(9) with sodium amide reacted with benzophenone to give the 
olefin (10) and sodium diphenylphosphinate. This led to 
Ph Ph 
1
;:<Ph + 
the development of a new methodology for olefination 
reactions based on P=O stabilised carbanions. Phosphine 
oxides19 (11), phosphonates20 (12), phosphinates21 (13), 
phosphonamides22 - 25 (14), and thiophosphonates 26 (15) have 
all been used in such reactions, each with their own 
claimed advantages. 
0 
II (R10)2PCH2R 
( 12 ) 
0 
0 
(R10)R2 J1cH2R 
( 13) 
s 
1 JI (R2N)2PCH2R 
II (R10)2 PCH2R 
(14) ( 15 ) 
These methods of olefination have several advantages 
compared with the Wittig reaction: 
1) The P=O stabilised carbanions are more nucleophilic 
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than the equivalent phosphoranes. For example, ylids (16) 
and (17) require heating under reflux for prolonged periods 
to effect reaction with carbonyl compounds. By contrast, 
the corresponding phosphonate carbanions (18) 27 and (19) 28 
react exothermically at room temperature with aldehydes and 
ketones. A futher example is provided by the anion of 
ethyldiphenylphosphine oxide which adds29 cleanly to 
cyclopentanone, a substrate which often causes difficulty 
in the Wittig reaction. 30 
+-
Ph3PCHCOPh 
( 16 ) 
0 
II -(Et 0)2 PC H COPh 
( 1 8 ) 
+-
Ph3P(HC02R 
( 17 ) 
0 
II -(Et0)2 PCHC02R 
( 19 J 
2) A problem often encountered with the Wittig reaction is 
the difficulty of separation of the triphenylphosphine 
oxide formed from the products. The phosphinic, phosphoric 
and phosphonic acid salts produced in the P=O stabilised 
olefinations are water soluble and may be easily separated . 
3) In general, fewer side reactions occur than is the case 
for the Wittig reaction. 31 
A further advantage is obtained by the use of 
- 6 -
diphenylphosphine oxides. As was first shown by Horner, 32 
the use of a lithium base in the deprotonation step stops 
the reaction at the stage of intermediate (20), protonation 
of which gives the hydroxyphosphine oxides (21). These 
compounds are stable, crystalline solids which may be 
easily purified. Treatment of (21) with a sodium or 
potassium base leads to the formation of olefin (22). 
H20 
~ 
0 
II 
,. PhLi 
--------
11. PhCHO 
Ph2PXPh 
HO Ph 
( 21 l 
0 
II 
Ph2PXPh 
LiO Ph 
{ 20) 
tBuOK Phf Ph 
~ 
( 22) 
A detailed investigation of this reaction of 
diphenylphosphine oxide anions (23) with aldehydes and 
ketones has been undertaken. 19 The anions are formed with 
butyl-lithium and it is found that the stereoselectivity is 
maximised when solvents good at complexing lithium (for 
example THF) and low temperatures (-78 °c to -100 °C) are 
used. In this case the reaction with aldehydes is erythro 
selective, typically to the extent of 6:1. 
- 7 -
; 
0 0 
II 1 11 H 1 Ph2P"-/R 
.R2CHO Ph2PXR NaH 
~ 
---( 23 ) 11. H2o HO ~ R2 DMF H 
( 24 ) ( 26 ) 
( 25} 
A possible transition state (25) which explains this result 
assumes that the large diphenylphosphinoyl group is anti to 
the complexed carbonyl group and that substituents R1 and 
R2 are anti and gauche. In support of this it is found 
that increasing the degree of branching close to the 
anionic centre in R1 or increasing the bulk of R2 decreases 
the stereoselectivity. The hydroxyphosphine oxide may be 
purified by flash chromatography33 and crystallisation to 
give pure erythro compound. Treatment of (24) with sodium 
hydride in DMF at 50 °c causes stereospecific elimination 
of diphenylphosphinate to give pure ~-olefin (26) . 34 - 36 
A complementary route may be used to prepare pure ~-olefin. 
Acylation37 of phosphine oxide (27) gives the ketone (28), 
- 8 -
0 0 II 11 H 1 1 Ph2P~R 
.R2CHO Ph2PXR NaH 
~ 
---( 23 ) 11. H2o HO ; R2 DMF H 
( 24 ) ( 26 ) 
( 25) 
A possible transition state {25) which explains this result 
assumes that the large diphenylphosphinoyl group is anti to 
the complexed carbonyl group and that substituents R1 and 
R2 are anti and gauche. In support of this it is found 
that increasing the degree of branching close to the 
anionic centre in R1 or increasing the bulk of R2 decreases 
the stereoselectivity. The hydroxyphosphine oxide may be 
purified by flash chromatography33 and crystallisation to 
give pure -erythro compound . Treatment of {24) with sodium 
hydride in DMF at 50 °c causes stereospecific elimination 
of diphenylphosphinate to give pure z-olefin {26).3 4- 36 
A complementary route may be used to prepare pure ~-olefin. 
Acylation37 of phosphine oxide {27) gives the ketone (28) , 
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0 0 II 11 H 1 1 Ph2P~R 
,R2CHO Ph2PXR NaH 
~ 
----( 23) u. H20 HO ; R2 DMF 
H 
( 24 ) ( 26 ) 
( 25) 
A possible transition state (25) which explains this result 
assumes that the large diphenylphosphinoyl group is anti to 
the complexed carbonyl group and that substituents R1 and 
R2 are anti and gauche. In support of this it is found 
that increasing the degree of branching close to the 
anionic centre in R1 or increasing the bulk of R2 decreases 
the stereoselectivity. The hydroxyphosphine oxide may be 
purified by flash chromatography33 and crystallisation to 
give pure erythro compound . Treatment of (24) with sodium 
hydride in DMF at 50 °C causes stereospecific elimination 
of diphenylphosphinate to give pure i-olefin (26) . 34 - 36 
A complementary route may be used to prepare pure ~-olefin . 
Acylation37 of phosphine oxide (27) gives the ketone (28) , 
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sodium borohydride reduction of which is stereoselective 
and gives19b mainly the threo-isomer (29) (typically 6-7:1 
threo-erythro). 
0 0 
II 1 II 1 
Ph2P~R 
,. BuLi Ph2PXR 
~ 
( 2 7 ) ,~ R2co2Et 0~ R2 
( 28 ) 
0 
II H 1 R1 Ph2PXR R2f NaBH4 NaH ~ ~ MeOH HO''''-.; R2 DMF 
H 
( 29 ) ( 30 ) 
When R2=Ph, increasing the size of R1 from methyl to iso-
butyl has little effect on the stereoselectivity. With 
R1=Me, increasing the bulk of R2 leads to a corresponding 
increase in selectivity. Crams's rule38 would explain the 
threo preference for the reduction, but the alternative 
model proposed by Felkin39 explains both the threo 
selectivity and also the effects of the substituents. 
0 0 
II 
PPh 
.. 2 
H 
R2 
( 31 ) 
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In this model (31), the bulkiest group (Ph2PO) and the bond 
with the lowest energy cr* (C-P) lie at right-angles to the 
carbonyl group with R1 and R2 arranged so as to minimise 
steric interaction. Attack of hydride then occurs from the 
least hindered face of the carbonyl to give the threo 
product (29). Changing R1 will reduce the 
stereoselectivity only if it can compete with the 
diphenylphosphinoyl group in terms of bulk or low d*. 
Increasing the bulk of R2 will cause more differentiation 
between R1 and R2 and hence lead to the observed increase 
in selectivity . 
The product may again be purified by recrystallisation or 
chromatography and stereospecific elimination with sodium 
hydride then gives pure ~-olefin (30). 
Having determined the conditions necessary to -obtain high 
stereoselectivity for both the erythro and threo selective 
syntheses in simple alkyl- substituted diphenylphosphine 
oxides, the methods described above were applied to more 
highly functionalised systems. 
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The effect of extra functionality on the Horner-Wittig 
r eaction. 
Various compounds containing extra functionality have been 
synthesised in the course of the study of phosphine oxide 
chemistry by the Warren group. Ketones protected as ketals 
have been used as homoenolate synthons. 4° Ketones (32) 
upon treatment with ethylene glycol in benzene or toluene, 
with azeotropic removal of water, gave the ketals (33). 
These compounds showed the typical properties of phosphine 
oxides. In particular, their anions could be formed in the 
usual way with butyl-lithium in THF and the anions thus 
produced reacted with a variety of carbonyl compounds. 
Aldehydes gave the hydroxyphosphine oxides (34). 
0 
II 1 
Ph2P~R 
Buli 
_.... 
( 32 ) 
0 
( 33 ) 
0 
II 
Ph2PXoR1 
0 0 
\...__j 
r/- OH 
( 34 ) 
The stereoselectivity of these reactions was difficult to 
determine because of the difficulties experienced in 
separating the diastereoisomers produced. In those cases 
where a separation was possible , or where the proportion of 
- 11 -
each isomer in the mixture could be determined 
analytically, the stereoselectivity was poor (of the order 
2:1 to 5:3 in favour of the erythro isomer). In one case , 
however, reaction of the anion of (35) with acetaldehyde 
gave a high yield of a single diastereoisomer. 40 
( 35 ) 
This behaviour has been observed several times in the 
addition of anions of hetero-atom substituted 
diphenylphosphine oxides to aldehydes; a generally poor 
selectivity with an occasional exception. Further examples 
of this selectivity will be seen in the discussion of 
amides and alcohols (vide-infra). The reason for this is 
still unclear. When the diastereoisomers (34a) and (34b) 
could be separated, treatment of each one independently 
with sodium hydride in DMF afforded pure olefin isomers 
(36a) and (36b). Deprotection of the ketals (36) can be 
difficult41_ owing to the ease of migration of the double 
bond into conjugation with the carbonyl group under the 
acidic conditions used. Ketal (37) was, however, 
successfully deprotected to give the beta,gamma-unsaturated 
ketone (38). 
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0 
II \:l 1 R1 
Ph2P~R NaH 06 ~ DMF HOH R2 R2 
( 34a ) ( 36a ) 
0 
11 H 1 )<~/1 Ph2P~R NaH 0 0 
-----
,,, ' '1..--J DMF 2 
HO' H R2 R 
( 34.b ) ( 3 6b} 
~~ 
. Ph)l,...H I O Phxy 
( 37 ) ( 3 8 ) 
The reactions of the one carbon homologues of these 
compounds have also been studied. 42 Phosphine oxide (39) 
forms an anion with butyl-lithium at o ·c which reacts with 
aldehydes to give good yields of adducts (40). These 
adducts were found to be easily separable by flash 
chromatography33 and the stereoselectivity of the addition 
varied from 3 : 1 in favour of the erythro isomer for 
R=phenyl or methyl, to 1 : 1 for branched substituents. 
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0 ,---\ 
II 0 0 
Ph2P 
( 41 ) 
1. Buli 
~ 
rL RCHO 
NaBH4 
-----MaOH 
.HO H 
( 40 ) 
0 
II 
Ph2P 
HO''\' 
H 
( 42 ) 
r--'\ 
0 0 
R 
NaH 
~ 
r--'\ 
0 0 ~ R 
( 4 3 ) 
r-.. 
0 0 
~r 
R 
( i, I. ) 
Diphenylphosphine oxide (39) could also be acylated with 
esters19a, 37 , 43 to give the corresponding ketones (41), 
reduction of which with sodium borohydride gave 
predominantly the adducts (42) but this time in a ratio of 
1:3 in favour of the threo isomer. 
Elimination of diphenylphosphinate from either isomer (40) 
or (42) was stereospecific and gave good yields of pure 
(43) or (44) respectively, from which the dioxolan 
protecting group could be easily removed without affecting 
the double-bond. 44145 
The behaviour o f compounds of type ( 45) was investigated i n 
which t h e prot ected carbonyl group is beta to the 
- 14 -
phosphorus. Unfortunately, in this class of compounds, 
anion formation proved unsuccessful. Competitive beta-
elimination occurred46 to give (46) which on work-up 
regenerated the starting ketone (47). 
0 I\ 
Ph2~~ 
( t.5 ) 
( t.6 ) 
Buli 
~ 
~ 0 
Ph2P~ 
( t. 7 ) 
Methoxyphosphine oxides (48) may be deprotonated with LDA 
(butyl-lithium is not effective in this case and causes 
side reactions), and the anions produced react47 smoothly 
with aldehydes and ketones to give the adducts (49). 
0 0 
II 11 OMe 
Ph2PY.OMe Ph2PtR1 MeO)===\ NaH 
R2,,,, OH ~R1 DMF R1 R2 
( l. 8 ) H 
( l.9a ) { 50a ) 
+ 
0 
11 OMe 
Me0)-=IR2 Ph2Pj:_R1 NaH 
------H'''' OH DMF R1 
R2 
( t.9b ) ( 50 ) 
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stereoselectivity was poor, but the diastereoisomers could 
be separated and converted stereospecifically to pure 
geometrical isomers of the vinyl ethers (50). 
The effect of the substitution of a nitrogen atom on the 
reactivity of diphenylphosphine oxides has also been 
investigated. Tertiary aminophosphine oxides (51) form 
stable anions with butyl-lithium at o °C in THF. 48 Unlike 
the oxo-substituted compounds (45), these anions do not 
undergo elimination. In fact they are prepared by the 
formal reverse of this procedure - a Michael addition49 to 
vinyldiphenylphosphine oxide (52) . 50 These anions were 
shown to react with a wide variety of carbonyl compounds to 
give mixtures of diastereoisomers (53). 
( 52 ) 
( 5-3 a ) 
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( 51 ) 
,. Buli 
~ 
. 1L R1 R2co 
With aldehydes the stereoselectivity was low, giving 
roughly equal proportions of the three and erythro isomers. 
stereoselectivity was higher for the ketone adducts and 
favoured the three isomer (4:1). 
In the case of amide (54), the . dianion could be formed51 
with two equivalents of butyl-lithium at -30 °c. The 
dianion reacted on carbon with aldehydes and ketones at 
-78 °C to give the alcohols (55) in good yield. 
( 54 ) 
1. BuLi 
----II. RCHO 
m. NH4 Cl 
0 
Phi~~NHCOPh 
HO R 
( 55 ) 
In these reactions the three isomer of the alcohol 
predominated, typically in the ratio of 4:1. 
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The synthesis of 3-diphenylphosphinoyl propanols. 
As outlined above, the reactions of variously substituted 
phosphine oxides have been under investigation in recent 
years. The chemistry of hydroxy-substituted phosphine 
oxides has received only limited attention however, and so 
the preparation and subsequent reactions of the gamma-
substituted hydroxyphosphine oxides (56) were investigated. 
0 
II 
Ph2PyyOH 
R1 R2 
( 56 ) 
Various synthetic routes to these compounds were employed, 
each having its own advantages and disadvantages for the 
preparation of specific compounds. 
The initial target (59) was most easily prepared from the 
commercially available 3-bromopropanol (57). Heating under 
reflux overnight with one equivalent of triphenylphosphine 
in DMF gave upon cooling the hydroxyphosphonium salt (58), 
which could be converted by heating with aqueous alkali 
followed by acidification to the required phosphine oxide 
( 59) . 
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Br~OH 
( 57 ) 
r.NaOH 
__., 
rr.HCL 
+ 
Ph3P~OH 
Bt 
{ 58 ) 
The preparation of substituted hydroxyphosphine oxides 
necessitated a different approach as the required halo-
alcohols were not commercially available. The most 
generally applicable method for the synthesis of (63) was 
the opening of an epoxide by a phosphine oxide anion. 
Phosphine oxides (60) prepared by literature methods54 
were treated with one equivalent of butyl-lithium in THF at 
O °C to give the characteristic orange solution of the 
anion. One equivalent of an epoxide was then added and the 
solution was allowed to warm to room temperature overnight. 
In the case of ethylene oxide and monosubstituted epoxides 
the reaction was generally complete at this stage. 
Disubstituted epoxides (61) and (62) required further 
heating und€r reflux for several hours to effect complete 
reaction. In each case the product was quenched with 
saturated ammonium chloride solution and worked up to 
afford good yields of the required hydroxyphosphine oxides 
(63) (see table 1). 
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1, 
TABLE 1 
3-Di phenylphosphinoyl alcohols by epoxide opening 
0 R3 
Ph2PyyoH 
R1 R2 
( 63) 
Compound No. 
Me H H 63a 
Et Ph H 63b 
Me Me H 63c 
H Ph H 63d 
H Me H 63e 
Me Ph H 63g 
Bu H H 63h 
H Me Me 63i 
a) Yield of single diastereoisomer. 
b) Mixture of diastereoisomers. 
Yield (%) Isomer 
ratio 
85 
96a 96:4 
(80)b 1 : 1 
79 
70 
71 a. 1 0: 1 
27 
88 
TABLE 1 
3-Diphenylphosphinoyl alcohols by epoxide opening 
0 R3 
Ph2~yyOH 
R1 R2 
( 63) 
Compound No. 
Me H H 63a 
Et Ph H 63b 
Me Me H 63c 
H Ph H 63d 
H Me H 63e 
Me Ph H 63g 
Bu H H 63h 
H Me Me 63i 
a) Yield of single diastereoisomer. 
b) Mixture of diastereoisomers. 
Yield (%) Isomer 
ratio 
85 
96a 96:4 
(80)b 1 : 1 
79 
70 
71 a . 1 0: 1 
27 
88 
PhJ~OH 
R1 R2 
1. Buli 
( 60 ) 
( 63 ) 
d 
( 61 ) ( 62 ) 
In the cases where both R1 and R2 were not hydrogen, the 
products were formed as mixtures of diastereoisomers. In 
those cases examined, an unequal proportion of 
diastereoisomers was produced. It can be seen from Table 1 
that one diastereoisomer predominated when both R1 and R2 
were bulky substituents. In the case of the addition of 
propyldiphenylphosphine oxide t o styrene oxide, only one 
diastereoisomer could be detected . The isolated yield of 
this isomer was 96% . 
OH 
H 
( 64) 
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This stereoselectivity can be explained by assuming attack 
on the epoxide by the incoming phosphine oxide nucleophile 
to take place as shown (64). The regioselectivity of such 
openings is well precedented55 and would be expected to 
occur at the least substituted end of the epoxide. The 
diphenylphosphinoyl group being by far the most bulky 
substituent on the incoming nucleophile adopts a position 
as far removed from the electrophile as possible. Attack 
will now be favoured with the alkyl substituents R1 and R2 
arranged so as to minimise steric interactions leading to 
the diastereoisomer shown. On this hypothesis, increasing 
the bulk of R1 and/or R2 should increase the selectivity as 
was in fact observed. The true nature of the product can 
only be confirmed by an X-ray crystal structure 
determination. Although (63b) was crystalline and gave 
good diffraction patterns, the structure could not be 
solved. 
A related example of high diastereoselectivity of epoxide 
opening by a phosphine oxide nucleophile has been found 
from earlier work. 56 Cyclohexene oxide (62) and the anion 
from (65) gave the epoxide opened product (66) with the 
isomer (66a) predominating. 
- 21 -
0 
II 
Ph2PI 1.Buli 
~ 
II. (62 ) 
( 65) 
H 0 HOW 
II 
Ph2P 
H 
( 66a ·) 
-~"'H 
POPh2 
( 67 ) 
H O H 0111, 
+ II 
Ph2P St.: 16 
( 66b ) 
OH 
Once again this stereoselectivity can be rationalised by 
assuming a diaxial opening of (62) by the carbanion (67) 
with the substituent groups arranged in order to minimise 
steric interactions. In this case the structure of the 
product (66a) was confirmed by X-ray crystallography. 
The high diastereoselectivity of this and similar reactions 
due to the large bulk of the diphenylphosphinoyl group are 
currently under examination.118 
The opening of the trans-epoxide (61) with the anion of 
methyldiphenylphosphine oxide led to the alcohol (63i). 
The other diastereoisomer of (63i) could in principle have 
been prepared by an analogous opening of cis-2,3-
epoxybutene. This compound was not commercially available 
and so another feature of the chemistry of phosphine oxides 
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was exploited to obtain (71). 
0 
~ Ph2~~ Bff3J_HF OH 
( 69) ( 70) ( 71 ) 
Dehydration of the adduct (69) of methyldiphenylphosphine 
oxide and 2-butanone with trifluoroacetic acid gave the 
olefin (70). 46 The E-isomer predominated to the extent of 
2:1 and could be purified by repeated recrystallisation. 
Cis-specific hydroboration152 and oxidative work up then 
gave the alcohol (71) which was shown by 1H n.m.r. to be 
distinct from its isomer (63i). As will be shown later, 
these hydroxyphosphine oxides may be converted into~-
homoallylic alcohols. Interestingly, the antibiotic 
pseudomonic acid153 (72) contains a substructure which is 
an epoxidised ~-homoallylic alcohol with the relative 
stereochemistry of (71). 
Asymmetric hydroboration of olefins has been 
demonstrated154 and thus compound (70) is a potential 
precursor of optically active analogues of (72). 
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~···'"('co~co2H 
R 
( 72 ) 
A third route to these phosphine oxides was briefly 
explored, by the use of allyl bromide as an efficient 
alkylating agent. The alkylation of the anion of 
diphenylpropylphosphine oxide (73) with allyl bromide 
proceeded rapidly at -78 °C to give a good yield of the 
unsaturated phosphine oxide (74). To complete the 
synthesis required a hydration of the double bond in a 
Markovnikov sense, which was accomplished via the mercury 
derivative (75) . 57 
0 0 
II II Ph2P) . 1. BuLi Ph2P) _.., 
'~Br 
( 7 3) { 7 4 ) 
p HgOAc 0 II 
Hg(0Ac)2 Ph2Pn NaBH4 Ph2Pn .. ___.... 
THF MeOH 
· OAc OH 
( 75 } ( 76 ) 
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Treatment of the unsaturated phosphine oxide with mercury 
(II) acetate gave a bright yellow precipitate of the 
derivative (75). This was not isolated but was treated 
immediately with sodium borohydride to give the required 
alcohol (76). On recrystallisation, this product gave 
material with a sharp melting point although the 1H n.m.r. 
spectrum showed the presence of a mixture of 
diastereoisomers which could not be separated. 
With a ready supply of 3-hydroxyphosphine oxides available 
by any of the routes described above, the alkylation and 
acylation of these compounds could be investigated. 
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Alkylation of 3-diphenylphosphinoyl propanols 
a) Dianion approach 
To avoid the necessity for protecting and subsequently 
deprotecting the alcohol, the use of the dianion (77) was 
investigated. It was anticipated that the dianion would 
alkylate on carbon to give the product shown in scheme 2. 
0 0 
II II 
PhzPY.YOH 
R1 R2 
Ph2Pyyo-
R1 R2 
2Eq Buli 
-----
( 63) ( 77 ) 
1.RCHO 
~ 
Scheme 2 
Similar dianions have been used with success in related 
work. For example, the dianion of amide (54) has been 
alkylated51 with a variety of aldehydes and ketones, and 
similarly dianions (78) and (79) have been used 
successfully in phosphonium ylid chemistry. 58 , 59 
( 78) 
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The formation of the dianion (80) was accomplished with 
butyl-lithium in THF at -78 °C. On dropwise addition of 
the base to a solution of (59), no colour change was 
observed until almost one equivalent had been added. on 
further addition of butyl-lithium, the characteristic 
orange colour of the anion appeared. Clearly, the more 
acidic hydroxyl proton was removed initially giving a 
colourless oxy-anion. Further addition of base then 
removed the proton alpha to phosphorus. The solution of 
dianion so prepared was stable at -78 °C for several hours 
with no loss in reactivity. 
Treatment of a solution of dianion (80) with one equivalent 
of benzaldehyde gave immediate quenching of the orange 
colour. Work-up and extraction gave the adduct (81) in 
good yield as a mixture of diastereoisomers. 
0 
II 
Ph2P~OH 2E~i 
( 59 ) 
0 
,.PhCHO 
II H 
Ph2PrOH 
HO A Ph 
( 81 ) 
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1. 2~ BuLi 
· ~ 
II. Ph-CH'O 
m.H20 
\ 
0 
II 
Ph2P~OH 
HO Ph 
(82) 
The erythro isomer predominated to the extent of 7:3, and 
could be separated by flash chromatography from the three 
isomer. Similarly the dianion derived from (63a), gave a 
1:1 ratio of isomers (82). This can be contrasted to the 
behaviour of the dianion of (54) which upon alkylation gave 
an excess of the threo isomer. 51 The mono-anion of the 
simple alkyl compound (73) gave a 6:1 selectivity in favour 
of the erythro isomer.19 
Similar changes in the pattern of reactivity have been 
observed in the phosphonium ylid series. 58 Phosphonium 
salt (83) exists as a tautomeric mixture with (83a) 
predominating. 
0 
Ph 3P~ 
( 8 3a ) -
PhCHO 
~ 
--- ---
--- -
Ph - V 
~OH 
50: 50 E: Z 
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The compound behaves as tautomer (83c) in its Wittig 
reaction with aldehydes to give a 1:1 mixture of E and z 
alkenes. By comparison, the dianion (84) gives mainly the 
E- i somer (85) and the silyl protected derivative (86) gives 
mainly the £-isomer (87) .58 
+ 
Buli Ph3PY)('O PhCHO 
~OH (83} ~ ~ Ph 
( 84 } (85) 85:15 E:Z 
• Me3SiCL 
+ Ph~OSiMe3 Ph3PyXOSiMe3 PhCHO 
~
( 8 6} ( 8 7} 15:85 E:Z 
This is an interesting stereochemical outcome as 
"unstabilised" or "reactive" ylids generally yield z-
olefins in the Wittig reaction. 60 As discussed in the 
introduction, alkyl substituted ylids (88, R1=alkyl) 
initially form the erythro-betaine (89) which can decompose 
via a syn elimination of phosphine oxide to give a 
z-olefin . 
0 
( a a) R1 ~ 1F\h2 R I"( 
( 99) 
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Schlosser has described61 a method of changing the natural 
stereochemical outcome of this reaction. Metalation of the 
erythro-betaine gives rise to a so-called "betaine-ylid" 
(90) which unlike the betaine can rapidly isomerise even at 
-78 °c to the more stable three form (90b). Treatment of 
this with one equivalent of a proton donor 
stereospecifically gives the threo-betaine which will then 
decompose to give the E-olefin. 
Buli 
0 1 : .99 0 
---
----- -R1 R2 R1 R2 Li R2 
( 89 ) ( 90a) ( 90 b) 
H+ 
+ 
An intra-molecular version of this process may be the 
explanation for the anomalous stereochemical outcome with 
(84). The initially formed betaine can be deprotonated by 
the alkoxide group via the five-membered ring transition 
state (90c)· . Reprotonation from the opposite side and 
subsequent elimination of triphenylphosphine oxide thus 
gives the ~-olefin (85). The observation that the 0- silyl _ 
ether (86) gave predominantly the ~-olefin supports this 
mechanism. 58 In this case the free alkoxide is no longer 
available for deprotonation of (86). 
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- + 
0 PPh3 
Ph""+-+··''Y ~ 
H H o 
v ' 
( 90c) 
+ + 
0 PPh3 0 PPh3 
Ph 11 ,,,_ --Ph,~ 
H OH ~ H 
Ph~ 
OH 
( 8 5 ) 
Phosphine oxide (81) also has an acidic proton although 
this is not as acidic as in the betaine (90). Any intra-
molecular Schlosser type process would be expected to occur 
at a much slower rate. The adduct of phosphine oxide (63a) 
has no such proton available for epimerisation. The 
explanation for the lack of selectivity in this case must 
therefore lie elsewhere. 
Attempts to extend this reaction to enolisable aldehydes 
failed, and only starting materials were recovered. This 
is in contrast to the alkylation of alkyl substituted 
diphenylphosphine oxides which have been shown19 , 20 to be 
excellent nucleophiles even with notoriously enolisable 
substrates. The presence of the -OLi group clearly has a 
marked influence on the reactivity of ' the anion. A 
q ('i't"OQ.C.k 
possible explanation is that at;isa.e~ by the carbanion on the 
carbonyl double bond may result in a situation in which the 
oxyanion is well placed to remove the acidic proton alpha 
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to the carbonyl group . 
Whatever the true reason these results clearly demonstrated 
the need for the free hydroxyl group to be masked for 
reaction to take place with enolisable aldehydes. 
b) Reaction of hydroxyl-protected anions 
The trimethylsilyl ether protected alcohol (91) was 
obtained by reaction of alcohol (63a) with trimethylsilyl 
chloride. Treatment of (91) with butyl-lithium in THF at 
-30 °C gave an orange colour which was quenched upon 
addition of an aldehyde. On work-up however, only starting 
material was recovered. A similar result has been observed 
by other workers. 62 
0 
II 
Ph2P~OSiMe3 1. BuLi 
~ ( 91) 
u. RCHO 
( 91 ) 
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The t-butyldimethylsilyl group is known63 to be more 
resistant to the basic conditions required for metalation. 
Towards this end, therefore, silyl ether (92) was prepared. 
0 
II 
Ph2P~OH 
( 5 g ) 
+sicl 
~ 
Imidazole 
DMF ( 92) 
Alcohol (59) was cleanly converted into the silyl ether 
(92) by the literature procedure employing imidazole as a 
nucleophilic catalyst. 63 Treatment of this silyl ether 
with butyl-lithium in THF at -78 °C again gave a deep 
orange colour indicative of anion formation, which could be 
quenched with various aldehydes to give the corresponding 
hydroxydiphenylphosphine oxides (93) (see table 2 entries 
2, 3 and 4) . 
( 92) 
1. Buli 
~ 
11.RCHO 
Although use of the hydroxyl-protected anions allowed 
successful reactions with enolisable aldehydes, these 
reactions proceeded with little selectivity, the products 
being formed as 1:1 mixtures of diastereoisomers. 
Functionality in the upper chain is known to reduce 
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stereoselectivity in other cases (table 2). 
In all cases the observed stereoselectivity is well below 
that of unsubstituted compounds {straight chain alkyl 
phosphine oxides add to aldehydes with a 5-6:1 erythro 
selectivity). 19 
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TABLE 2 
Stereoselectivity in the Horner-Wittig reaction of 
functionalised phosphine oxides 
1. Buli 
----II. R2CHO 
Substituent Position R2 
-X or =Y 
Et Ph 
(CH2)2X OSiMe2But C-3 n-C5H13 
(CH2)2X OSiMe2But C-3 Et 
(CH2)2X OSiMe2But C-3 Ph 
(CH2)2X OLi C-4 Ph 
OMe OMe C-1 Anh 
CH2X N(CH2)5 C-2 Ph 
(CH2)3CYMe OCH2CH20 C-4 Ph 
(CH2)4CYMe OCH2CH20 C-5 Et 
(CH2)5X OSiMe2But C-6 Et 
a) Isolated yield of pure erythro isomer. 
b) An= ..12.-MeOC5H4. 
Yield Erythro: 
adduct threo ratio 
86 5.7:1 
92 1:1 
95 1:1 
95 . 1: 1 
59a 2.3:1 
85 1.2 :1 
80 1.1: 1 
72 3.8:1 
71 1.5:1 
85 1.8:1 
Compound 
no. 
or ref. 
ref 19a 
93a 
93b 
93c 
81 
ref 47 
ref 48 
ref 42 
ref 158 
ref 158 
Acyl transfer 
The acylation of diphenylphosphine oxide anions followed by 
reduction of the resulting ketones with sodium borohydride 
forms a stereoselective route to threo-
hydroxydiphenylphosphine oxides. 19b Stereospecific 
elimination of diphenylphosphinate yields the pure ~-olefin 
(scheme 3). 
NaBH4 
__.... 
MeOH 
0 
•. BuLi 
__.... 
11.R2C02Et 
II 
Ph2P ~ R1 
HO'!R2 H 
R1 
NaH 2f ------ R Scheme 3 
By analogy with this work it was expected that reduction of 
keto-alcohols (94) should similarly give mainly the threo-
diols (95) and hence the ~-homoallyl alcohols (96) on 
completion of the Horner-Wittig reaction. 
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I i 
( 9 4 ) 
R1 OH 
3Y'1; RJJ ~z 
( 96) 
To test this hypothesis a synthesis of keto-alcohols (94) 
was required. Two routes to this class of compounds were 
initially considered. 
The first involves the use of a dianion approach 
(Scheme 4). 
I , R3C02Et 
----II, H2o . 
Scheme 4 
- 36 -
'· ~ ... L.: 
,,. R3co2Et 
-----
,11. H2o 
I 
+sicl 
_i_.. 
Scheme 5 
Owing to problems encountered previously with the 
alkylation of dianions with aldehydes and the rigorously 
dry conditions needed in this work, the dianion route did 
not seem particularly attractive. 
The second method was to initially protect the alcohol 
(Scheme 5). This method involves a protection step and the 
subsequent deprotection of the silyl ether. While this 
route should in principle have been successful, the use of 
the protecting group was not desirable. An alternative 
strategy was therefore devised. 
The route shown in scheme 6 was considered to form an 
efficient synthesis of the keto-alcohols obviating the need 
for protection. 
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- 1 
1 
I! 
LOA 
----
1. Base 
---JI, R3cocl 
Scheme 6 
In this method, the alcohol is first esterified to give 
(97). It was anticipated that on treatment of this ester 
with a suitable base, the carbanion initially formed would 
undergo an intramolecular acylation to give the required 
product. The ester substrates for this reaction were 
easily prepared. Reaction of the alcohols with an acid 
chloride in the presence of pyridine as a nucleophilic 
catalyst gave the esters in good yields. In some cases, 
removal of the pyridine was troublesome. This difficulty 
could be overcome by the use of butyl-lithium (scheme 7). 
Addition of one equivalent of butyl-lithium to a solution 
of the alcohol in THF gave a colourless solution of the 
oxyanion (98). Quenching with a suitable acid chloride 
then furnished the ester (97). This method of 
esterification could be adapted to form a one pot reaction 
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sequence in which the ester was first formed in this way 
followed by the addition of LDA to effect the 
rearrangement. In practice, yields were higher if the 
intermediate ester was isolated and the subsequent 
rearrangement was performed on the purified compound. 
0 
II 
Buli 
~
Ph2Pyyo-
R1 R2 
( 98) 
0 
II 3 
Ph2PyyOyR 
R1 R2 0 
( 9 7 ) Scheme 7 
A variety of esters were prepared in high yields by these 
routes and the results are summarized in Table 3. 
With a ready supply of suitable ester substrates, the 
rearrangement of these with base could be explored. To 
avoid possible side reactions arising from attack of the 
base at the ester carbonyl, the hindered base lithium 
diisopropylamide (LDA) was used. One equivalent of LDA was 
added dropwise at -78 °c to a solution of the ester (97c) 
in THF. As each drop of LDA solution hit the surface of 
the ester solution, an orange colour was observed to form 
transiently which decolourised in a few seconds. When 
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TABLE 3 
Esters from 3-Diphenylphosphinoyl alcohols 
0 
II 
Ph 2PyyOH 
R1 R2 
(63) 
Yield Method Compound No. 
H H Me 93 a 97a 
H H Et 93 b 97b 
H H Ph 92 a 97c 
Me H Ph 85 a 97d 
Me Ph Ph 68 b 97e 
H Ph 6 80 b 97f 
H Ph Ph 74 b 97g 
ii H Me n-C6H13 90 b 97h 
1
1
1 92 a 134 
I 
I 
I 
Method a) pyridine, R3cocl; b) 1. BuLi, 2. R3coc1. 
almost one equivalent of LDA had been added, this colour 
persisted for a progressively longer time until eventually 
a permanent tint remained. Clearly the initial orange 
colour was due to the formation of the carbanion (99). The 
disappearance of this colour showed that a reaction had 
taken place. Working up the reaction with saturated 
ammonium chloride solution and extraction with 
dichloromethane gave a white crystalline solid which was 
shown to be the expected rearranged product (100c). 
0 
JI 
LOA 
~ 
Ph2P~OYPh 
0 
( 9 7c) ( 99 ) 
0 
II 
Ph2P~OH 
0 Ph 
( 100c ) 
The proton n.m.r. spectrum (figure 1) of (lOOc) was complex 
and suggested the presence of an equilibrium mixture of the 
open chain ~nd the closed hemi-acetai. 64 
0 
II 
Ph2P~OH 
0 Ph 
---
--
( 100c ) 
- 41 -
0 
II 
Ph 2P 
90 MHz 
OH 
~ 
~ . 
,. , 
I 
! 
I 
I 
0 
II H 
Ph2P~ 
Ph-f0) 
HO 
7 
- . --
fi s 
I 11 I 
\ 
4 
Figure 1 
1 ? 1 
90 MHz 
9 8 
0 
PhJ~oyPh 
0 Ph 
7 6 
~ 
. I 
Figure 2 
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OH 
80 MHz 
Figure 3 
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TABLE 4 
The acyl transfer reaction 
0 
II . 3 
Ph2PyyOyR 
R1 R2 0 
LOA 
-----
(97) 
Yield Compound No. 
H H Me 83 100a 
H H Et 73 100b 
H H Ph 95 100c 
Me H Ph 82 1 OOd 
H Ph 6 73 100e 
H Me n-C6H13 80 100f 
---------------------------
----------1 
This was confirmed by protection of the primary hydroxyl 
group. 
Reaction of (100c) with benzoyl chloride in pyridine gave 
cleanly the benzoyl ester (lOl) (figure 2) in good yield. 
Comparison of the n.m.r. spectra of these compounds shows 
clearly the disappearance of the extra signals arising from 
~lo$ecl 
the ope!'l form of the molecule. Introducing a further 
benzene ring into the molecule has also increased the 
diastereotopicity of the protons as evidenced by the 
increased complexity of the splitting patterns (figure 2) ~ 
{ 100c) 
PhCOCl 
~ 
pyr 
( 101 ) 
To explore further the generality of this reaction a series 
of esters were treated under the same conditions giving the 
results as shown in table (4). 
As can be seen from the table, good yields of rearranged 
products were obtained in all the cases tried. Especially 
noteworthy was the success of the reaction with aliphatic 
esters. With the benzoyl compound (lOOc), the acidic 
protons in the molecule are those alpha to the phosphorus 
and thus the reaction would be expected to proceed more 
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cleanly than with alkyl esters where there is the 
possibility of competitive ester enolate formation and 
hence side reactions. In practice the difference in 
acidity65 between the ester (pKa=25) and the phosphine 
oxide (pKa=20) appears to be sufficiently great for this 
not to be a problem and the yields in the alkyl series are 
only marginally lower than for the phenyl compounds. 66 
What of the mechanism of this reaction? From the colour 
changes accompanying the addition of LDA to the ester 
substrates it is clear that there is an immediate formation 
of the carbanion (99) which then reacts further to give a 
colourless solution. In the case of (97c), intramolecular 
acylation of (99) could give rise to the oxyanion (102). 
{ 97c) 
0 
II -
__:h2P~O · 
O~Ph 
( 102 ) 
LOA 
-----
0 
II () 
p h 2 p "-/~·--,_ .... > 0 ,/ p h 
-~8:> 
0 
II 
( 99 ) 
Ph2P~OH 
-oAPh 
( 103) 
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The driving force for this was initially thought to be the 
subsequent formation of the stable enolate (103) by proton 
transfer in a manner analogous to that of the Claisen 
condensation. 67 That this is not the whole explanation is 
shown firstly by the fact that anions of type (103) are 
coloured whereas the reaction product is not. Secondly, 
compound (97d) also undergoes the rearrangement. In this 
case there is no enolisable proton available in (lOOd) for 
such a stabilisation. 
LOA 
-------
( 97d) 
A possible explanation is that the formation of the 0-Li 
bond in (102) is driving the rearrangement to completion. 
Complexation of the lithium may also occur as shown in 
(104). The formation of this 0-Li bond is also preventing 
further reaction, as it does in the simple Horner-Wittig 
reaction. 18 
Ph Ph 
\/ 
o'/P"h 
C;,o,+I 
Ph 
( 104 ) 
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A similar acyl transfer forms the first step in the 
reaction of ylid (105) .68 Oxygen to carbon benzoyl 
transfer gives the intermediate (106). Intramolecular 
attack of alkoxide onto phosphorus then gives the enolate 
(107) which eliminates triphenylphosphine oxide to give the 
cyclopropyl ketone (108). In the case of this ylid, the 
reaction cannot be stopped but continues to give (108), the 
formation of triphenylphosphine oxide being the driving 
force for the entire sequence. 
( 105) 
0
~JPPh3 
-o~Ph 
(107) 
+~-
Ph3P~O 
00 Ph 
( 106) 
( 108) 
It can be seen that as in the Horner-Wittig reaction 
itself, the- use of a diphenylphosphine oxide stabilised 
anion allows the isolation of the intermediate alcohol. 
The net result of the acyl transfer reaction described 
above is the formation of a carbon-carbon borid from an 
easily made carbon-oxygen bond. Such methodology has been 
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widely used for carbon-carbon bond formation. For example 
in the Fries reaction, 69 the aryl ester starting materials 
are easily prepared. Treatment with a Lewis acid causes 
acyl migration to give the phenolic ketones (109). 
0 
0~ 
6 
( 109a) 
OH 
+ 
{ 109b J 
The Claisen rearrangement70 provides another example of the 
transfer of functionality from oxygen to carbon. 
( 110) ( 111 ) 
In this reaction, allyl ethers (110) undergo a sigmatropic 
rearrangement to give unsaturated ketones (111). 
Base mediated acyl transfer has also b~en reported. A 
common example of this type is the Baker-Venkataraman 
reaction71 which has been widely used in flavone 
chemistry. 72 Esterification of the ~-hydroxyacetophenone 
- 46 -
is followed by a rearrangement to give a beta-diketone 
( 112) . 
_,..._.. 
( RC0)2o ~
0. 
0 
OyR 
0 
__. 
Q base 
R 
0 0 
( 112) 
R 
This rearrangement is often followed by a condensation to 
give chromones. 71 The reaction is generally successful 
only for the transfer of aromatic or hetero-aromatic acyl 
groups although some instances using aliphatic groups have 
been observed.73 
A similar rearrangement occurs with sulphur stabilised 
species. Thus sulphides (113) on treatment with LDA 
afford74 the phenols (114). 
LOA 
~ 
{ 113 ) ( 114) 
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In these reactions group R2 must provide further anion 
stabilisation and the reaction was not successful with R1 
groups bearing enolisable protons (alpha to the ester). 
These disadvantages were overcome by the use of the more 
electron withdrawing sulphone group allowing the use of 
alkyl groups for R1 . An interesting application of this 
chemistry is shown in scheme (8). Lactam (115) was readily 
formed by cyclisation. Treatment of (115) with base 
initiated a rearrangement to form the twelve-membered 
ketone (116) 75 from which the sulphone could be reductively 
eliminated with aluminium amalgam to give (117). 
~e 0 
n'(N~H2 ) t-BuOK 
~.S../CH2~ 10 o~ 
0 0 
( 115) 
0 
Al.Hg 
~ (~ 
( 117) 
Scheme 8 
The strategy behind this sequence is to initially prepare 
the large-ring sulphur compounds which can be done without 
difficulty in high yield. 74 Base induced intramolecular 
cyclisation then proceeds via a six-membered transition 
state with expulsion of the leaving group. The ortho-
substituted benzene bridge brings the reaction sites close 
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together and thus overcomes the unfavorable entropy effect 
inherent in the direct cyclisation of such medium ring 
ketones. 115 This strategy of ring contraction to give 
access to medium ring ketones may be compared with the use 
of phosphine oxides in a ring ·expansion route to the same 
end as described below, in this case starting from easily 
prepared smaller ring compounds. 
Five and six-membered transition states are involved in the 
rearrangements discussed above. Examples also exist in the 
literature where smaller cyclic transition states have been 
shown to occur. Bromoester (118) on treatment with butyl-
lithium gives the ortho-hydroxyacetophenone (120) . 76 
Oli 
Buli 
-~ 
0 
( 120) 
Ph 
The mechanism of this reaction presumably involves 
lithiation to give a species such as (119) which then 
undergoes acyl transfer via a four-membered transition 
state to give the observed product (120). In certain cases 
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the reaction does not stop here but the generated phenol 
condenses to give xanthones e.g. (121). The high basisity 
of the intermediate anion restricts the reaction to the 
transfer of non-enolisable acyl groups. 
0 
O(Li O Cl 
0 
( 121 ) 
0 
Chan has recently reported77 a reaction where a three 
membered cyclic intermediate is postulated. 
0 ~ OEt RAo~oEt LOA 
-----
R 0~ 
0 0 
( 122) 
d) ·O 0 
HYOEt H2o R00Et ~ R C:o ___.. 
0 OH 
( 123' ) ( 124) 
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Removal of the acidic methylene proton in (122) is followed 
by intramolecular attack to give the oxirane (123). This 
then decomposes to give the hydroxy-ketoester (124). 
In view of the success of the acyl transfer reactions in 
the phosphine oxide series as described above, it was of 
interest to see if similar reactions had been shown to 
occur in all-carbon compounds. 
0 
Ph~O)rPh 
0 
( 125) 
base 
__... 
0 0 
Ph~Ph 
~o-
~O~Ph 
Ph -~8~ 
Scheme 9 
Ester (125) was thought to be a likely substrate for such 
an analogous reaction having a suitable anion stabilising 
group (the aryl ketone) and an ester group well placed for 
the rearrangement shown in scheme (9) to take place. A 
literature search for compound (125) was undertaken to 
determine if it had been used in such a reaction. Ester 
(125) was in fact found, not as a starting material, but as 
the product of a reaction formally the reverse of that 
shown in scheme (9). 78 Treatment of dibenzoylmethane with 
potassium carbonate and chloroethanol at reflux gave ester 
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(125) in 71% yield. 78 C-hydroxyalkylation of the diketone 
to give (126) is presumably the first step in this 
transformation. Such compounds have been isolated 
previously at low temperatures and in low yields. 79 
Carbon to oxygen benzoyl transfer then gives the observed 
product. · 
Cl OH 
u 
~ -
base 
c:_O 0 
Ph~h 
~0-
( 128) ( 126) 
o-
Ph~OyPh 
0 
0 
~O"-..../Ph 
Ph n 
0 0 
Ph~OAPh 
( 127) 
0 
( 125) 
A homologous reaction also occurs with 3-chloropropanol to 
give (127) with an excellent yield of 94%. 78 
It is not clear why the carbon analogues should behave so 
differently from the phosphine oxides. · It may be that the 
reaction is thermodynamically controlled, i.e. the ester is 
more stable than the ketone, and that the anion of (125) 
would rearrange back again to give the anion of (128) 
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because a beta-diketone enolate is more stable than a 
simple enolate. Some exploratory work was carried out
80 to 
investigate this reaction. Keto-ester (127) was 
synthesised by the route described above and treated with 
LOA in dry THF. ·Only starting material was recovered under 
these conditions but as only a few reactions were 
performed, no definite conclusions could be drawn from this 
negative result. 
An example of oxygen to carbon acyl transfer involving a 
ketone enolate is shown by the remarkable rearrangement in 
scheme (10). 81 
0 
t-BuOK 
__. 
( 131} 
O~Ph 
uo 
( 129) 
Scheme 10 
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( 130) 
( 132 ) 
Enolate (129) undergoes a 1,4 oxygen to carbon benzoyl 
transfer (via a five-membered transition state) to give the 
beta-diketone (130). The alkoxide in this molecule then 
attacks the ring carbonyl giving lactone (131) by a 1,4 
carbon to oxygen acyl transfer. Intramolecular alkylation 
of the enolate gives rise to the cyclopropylketone (132). 
Clearly the driving force for this sequence is provided by 
the formation of the stable carboxylate anion. 
The phosphine oxide acyl transfer reactions described above 
are 1,4 acyl transfers, thought to proceed via the five 
membered cyclic intermediate (133). 
LOA 
__..,. 
0 
II 
Ph2Pn 
-o--to/ 
Ph 
(133) 
In principle there was no reason therefore why the 
homologous 1,5 acyl transfer shown in ' scheme 11 should not 
take place. In this case rearrangement occurs via a six 
membered ring. 
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0 0 0 II II 
Ph2P~A Ph2P+:J 0 Ph LOA 
-----( 134) 
-o 0 
Ph 
0 
II 
Ph2P~ OH 
O Ph 
(139) Sc he me 11 
To test this hypothesis ester (134) was prepared. This 
synthesis was not as straightforward as expected. An 
attempt to make alcohol (138) by the obvious route shown in 
scheme 12 failed at the first step. A complex mixture of 
products was formed from which none of the required 
phosphonium salt could be isolated. 
Br~ OH 
0 
II 
+ 
Ph3P~ 
Br- OH 
NaOH 
----e. 
Ph2P~ 
OH 
( 138) Sc h eme 12 
The alternative route shown in scheme 13 was therefore 
followed . 
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I 
,.NaOH 
-----
+ 
I. H 
(135) 
0 
II 
Ph2P~C02H 
( 136) 
0 
II 
Ph2P~ OH 
( 138) 
I 137) 
Scheme 13 
Triphenylphosphine hydrobromide, 83 prepared by the action 
of gaseous hydrogen bromide on a solution of 
triphenylphosphine in ether, was heated with one equivalent 
of butyrolactone in the absence of solvent to give the 
carboxylic acid (135). Heating the phosphonium salt with 
aqueous sodium hydroxide, followed by acidification gave 
the phosphine oxide (136). Esterification and reduction 
with lithium aluminium hydride then provided the required 
alcohol (138) in good yield. Diphenylphosphine oxides are 
in fact reduced by lithium aluminium hydride to the 
corresponding diphenylphosphines. These compounds are 
readily oxidised in air back to the phosphine oxides, and 
this over-reduction is generally not a problem. In the 
case of large scale reactions, however, it is advisable to 
add some hydrogen peroxide solution to ensure total 
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reoxidation. Esterification of this alcohol with benzoyl 
chloride gave the required substrate for rearrangement 
(134). 
0 
II 
Ph2P~ OH 
(138) 
0 
II 
PhCOCl 
pyr 
0 II Q 
Ph2P~A 0 Ph 
( 134) 
Ph2P~ 
,~~. OH 
0 Ph 
( 139) 
This compound on treatment with LDA as described above 
rearranged in good yield to afford the hydroxyketone (139). 
Interestingly, the n.m.r. spectrum of this compound (fig 
3) shows it to exist solely in the open form. This can be 
contrasted to the properties of the one carbon less 
homologue (100c) and shows the fine change in energy 
balance between the five and six membered hemi-acetals.
64 
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Ring Expansion 
By a topological change in the position of the reacting 
functional groups of the starting material, the acyl 
transfer reaction takes on the guise of a ring expansion. 
LOA 
----
Two observations made in the acyclic series of reactions 
were encouraging in this respect. Firstly, that the 
reaction was successful with non-aromatic acyl groups which 
was essential if the ring expansion was to be general. 
Secondly, that both 1,4- and 1,5-acyl transfer had been 
observed. Thus both two (n=l) and three (n=2) carbon ring 
expansion should be possible. 
The synthesis of the required substrates was achieved as 
follows. 
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11 
+ 
Ph2l f --
t 
-cl 
(140) 
+~ 
Ph2P~ _ 
,,-I o 
'--( l 
( 141 ) 
Scheme 14 
NaOH 
-------
{ 52) 
Chlorodiphenylphosphine was heated under reflux with 
ethylene oxide for two hours, and treatment of the 
resulting mixture with sodium hydroxide solution then gave 
the vinyldiphenylphosphine oxide (52) . 50 This reaction 
presumably proceeds via the mechanism shown in scheme 14. 
Initial attack of the phosphorus on ethylene oxide 
generates the intermediate (140) which is opened by 
chloride ion to give (141). Elimination of the chloride 
with base then gives (52). On a large scale this reaction 
was found to be variable and often gave low yields. An 
alternative preparation via the reaction of vinyl magnesium 
bromide with chlorodiphenylphosphine oxide (142) at -78 °C 
in THF was used. 84 When freshly made Grignard reagent was 
employed85 this route gave high yields of (52). 
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~MgBr 
( 14 2 ) 
Vinyldiphenylphosphine oxide is known to act as a Michael 
acceptor, 86 - 88 and secondary amines have been successfully 
added86 to (52) to give adducts (143). Similarly, diamines 
add two molecules of phosphine oxide to give the diadducts 
(144). 87 
0 0 
JI II 
Ph2P~ R2NH 
Ph2P~ 
~ NR2 
( 52 ) l 14 3) 
0 
II 
Ph2P~ 
HOH N 
a C) 
---- II 
Ph2P~ 
( 144) 
( 145} 
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1
11, 
The addition of carbon nucleophiles to (52) has only 
received limited attention. For example, diethyl malonate 
adds two molecules of (52) producing (145). 88 Based on 
these observations the addition of enamines to (52) was 
attempted. 
Enamines (146) and (147) were prepared following the 
literature method of condensation of a ketone with 
pyrrolidine with azeotropic removal of water. 
Reaction of vinyldiphenylphosphine oxide (52) with the 
enamine of cyclohexanone (146) proceeded very slowly. Five 
days reflux in 1,4-dioxane did, however, eventually lead to 
good yields of the required ketone ( 14 8) . 
0 1.0NJ 0 0 II II 
Ph2P~ Ph2P ( 146) 
( 52) ~ 
II. HCl 
( 148 ) 
0 
0(1471 
( 5 2 ) _...... no reaction 
The enamine derived from cyclooctanone 'was totally 
unreactive under these conditions, no trace of product 
being formed . Use of refluxing DMF as the solvent gave no 
improvement. Considering the sluggishness of the reaction 
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with cyclohexanone enamine and the lower reactivity of 
cyclooctanone enamines in genera1, 89 this result was 
perhaps to be expected. 
Homologous ketones (153) and (154) were synthesised 
following the methodology outlined in scheme 15. 
0 
II 
Ph2P~OH 
( 59) OX= laaving group 
0 
0 
II 
Ph2P 
0 Scheme 15 
0 
JI 
Ph2P~I 
( 14 9 ) (150) 
Reaction of the tosylate from the previously prepared 
alcohol (59) with the enamine of cyclohexanone or 
cyclooctanone failed to give the required alkylated 
product. Presumably alkylation had taken place on nitrogen 
to give a quaternary salt. 
The use of the softer90 iodide as the leaving group has 
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l\'I 
I 
been shown to favour c-alkylation of enamines.
89 To this 
end, heating alcohol (59) under reflux with concentrated 
hydriodic acid gave the required iodide (150) in excellent 
yield. Reaction with the enamines, however, gave only poor 
yields of impure products. 
The problem of C verses N alkylation of enamines has been 
studied by many workers.91 Stork has found
92 that the 
lithium salts of imines can be formed with LDA, and that 
these species react predominantly on carbon (scheme 16) . 
ND Li D D 'N N 
6 LOA 6 RX 0R ~ ~ 
Scheme 16 
The product can be easily hydrolysed with acid to give the 
corresponding alkylated ketones. 
Cyclohexylimines (151) 93 and (152) 94 were prepared 
according to literature methods. The lithium salts were 
prepared by treatment with LDA in THF at o 
0 c, and 
addition to a solution of iodophosphine oxide (150) in THF 
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at o °C gave the required diphenylphosphinoylketones (153) 
and (154) respectively in good yields. 
NJ) 
0 6 I. LOA II ~ Ph2P II. ( 150) + 0 
111. H3 0 
( 151) ( 15 3) 
NJ) 0 
II 
C) Ph2P I. LOA ~ 0 
II. ( 150) 
+ 
( 152 ) 
111. H30 ( 154) 
The conversion of ketones (153) and (148) to lactones (155) 
and (156) was to be accomplished by a standard Baeyer-
Villiger reaction. 95 In the case of unsymmetrical ketones 
the more substituted carbon atom generally migrates in 
preference to the less substituted one. 
Baeyer-Villiger oxidation of phosphine oxide (157) has, 
however, been shown96 to give substantial amounts of the 
regio-isomer formed by migration of the less substituted 
carbon. The reasons for this are not clear but are 
presumably an electronic effect of the diphenylphosphinoyl 
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l 
0 
( 153 J 
( 148) 
PTFA 
-----
PTFA 
~ 
( 157 J 
( 155) 
( 156) 
group. In compound (157), the diphenylphosphinoyl group is 
situated beta to the ketone whereas in ketones (148) and 
(153) the diphenylphosphinoyl group is at the gamma and 
delta positions respectively. It was expected that in 
these compounds the diphenylphosphinoyl group would be 
sufficiently remote from the carbonyl for its effect to be 
negligible. Indeed, treatment of the ketones with 
pertrifluoroacetic acid97 at 0°c gave within 5 minutes a 
high yield of the desired lactones with none of the regi o-
isomer detectable by high field n.m.r. Pertrifluoroacetic 
acid was the reagent of choice in this oxidation, 
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m-chloroperbenzoic acid giving a less clean reac
tion and a 
poorer yield of lactone. 
Rearrangement of these lactones was again perfor
med with 
LDA in THF as described above. Lactone (156) was 
successfully rearranged to give the cyclooctanon
e (158). 
0 
II 
Ph2P LDA 
~ 
( 156 ) 
0 0 
ff 
II 
H2o 
Ph2P Ph2P-=0 
---
--=---
--- HO 
( 158a) ( 158b) 
OH 
KOH 
~ 
EtOH,H20 0 
(238e) 
This compound was formed as a mixture of isomers
 in a ratio 
of approximately 1:1 as judged by 
1H n ,.m.r., which could 
not be totally separated although repeated flash
 
chromatography resulted in material substantiall
y enriched 
in one isomer. 
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m-chloroperbenzoic acid giving a less clean reaction and a 
poorer yield of lactone. 
Rearrangement of these lactones was again performed with 
LDA in THF as described above. Lactone (156) was 
successfully rearranged to give the cyclooctanone (158). 
0 
II 
Ph2P 
LDA 
__... 
( 156 ) 
-----..-
( 158a) ( 158b) 
OH 
(238e) 
This compound was formed as a mixture of isomers in a ratio 
of approximately 1:1 as judged by 1H n.m.r., which could 
not be totally separated although repeated flash 
chromatography resulted in material substantially enriched 
in one isomer. 
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1 11 
The identity of (158) was determined by conversion to 
4-hydroxycyclooctanone (238e), by treatment with aqueous 
ethanolic potassium hydroxide. The 250 MHz n.m.r. spectrum 
of this compound was identical to that of authentic 
material. 98 Compound (158) appears to exist in the closed 
form (158b) as shown by the lack of a carbonyl absorption 
in the infra-red spectrum and by its n.m.r. spectrum. 
4-Hydroxycyclooctanone similarly exists in this closed 
form, 99 and attempts to form an acylated derivative of 
(158) (as in the preparation of (101) from (lOOc)) with 
benzoyl, t-butyldimethylsilyl or 3,5-dinitrobenzoyl 
chloride were unsuccessful. 
LOA 
------
(155) (160) 
Compound (155) was similarly rearranged with LDA to give 
(160), the n.m.r. spectrum of which was consistent with the 
formation of the nine-membered lactone, although full 
characterisation was not possible. The n.m.r. signals of 
(160) were exchange-broadened suggesting that the open and 
closed forms of this compound were equilibrating on the 
n.m.r. timescale. 100 In addition a carbonyl absorption was 
observed in the infra-red spectrum. It was hoped that 
acylation to lock the compound in its open form would be 
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possible, but this was not, however, accomplished with the 
reagents examined. 
Ring expansion by two carbon atoms has often been achieved 
by the sequential application of one-carbon expansions in 
tandem. 101 Examples of inherently two-carbon expansion 
have also been reported, and a useful reaction of this type 
involves the cycloaddition of electrophilic olefins and 
acetylenes to enamines. 103 For example, acetylene 
carboxylic esters (161) add to a variety of cycloalkanone 
enamines to give the intermediate (162). 104 , 105 In the 
case of enamines derived from cycloalkenones with seven or 
more carbons in the ring, this intermediate cannot usually 
be isolated but decomposes to give the ring expanded 
products in high (60-90%) yield.104,106 
( 162 ) 
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The adducts from cyclohexanone enamine are more resistant 
to decomposition and often give low yields of desired 
product together with by-products. The adduct from 
cyclopentanone enamine may also react via alternative 
pathways depending on the nature of R. 107 The products of 
these reactions are highly functionalised and may be 
further manipulated.106 
An alternative two-carbon ring expansion sequence involves 
the construction of a new ring on the parent carbocyclic 
framework followed by a suitable cleavage step. Thus, the 
Michael addition of cyclooctanone enamine to methyl 
acrylate gave keto-ester (167), 108 which after an 
intramolecular acylation provided diketone (168) which was 
reduced with sodium borohydride to afford the dial (169). 
( 168) 
( 167) 
H 
( 169) 
- 69 -
1. TosOH 
~ 
11.t-BuOK 
I 
OMe NaH 
___.., 
CHO 
( 17 0) 
Reaction of (169) with p-toluenesulphonyl chloride and 
treatment of the resulting monotosylate with potassium 
t-butoxide in t-butanol resulted in a 64% yield of aldehyde 
(170). The base induced fragmentation of (169) to give the 
cyclododecene is known to have rigid stereoelectronic 
constraints and the success of this reaction was dependent 
on the stereoselective borohydride reduction of (168) 
giving diol (169) in which the bonds were suitably arranged 
for cleavage. These stereochemical requirements must be 
born in mind when designing a ring expansion sequence of 
this type. 
Ring expansions of more than two carbons (excluding the 
sequential application of one- and two-carbon methods) are 
relatively rare. With the recent interest in the synthesis 
of macrocyclic compounds, methods of adjusting ring sizes 
by more than one carbon are becoming increasingly 
important. A recent report109 describes a three carbon 
ring expansion sequence similar to the phosphine oxide 
route shown above. 
Radical induced addition of thiophenol to 
2-allylcyclododecanone furnished a thioether which was 
oxidised with excess peracid to the sulphone (171). 
Baeyer-Villiger oxidation of the sulphone gave the lactone 
(172) with a regioselectivity of greater than 90% . As 
expected, 110 the reaction was very slow, 5-10 days at 50 °C 
being required. Treatment of the lactone with a variety of 
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0 
[OJ 
__... 
( 171 ) 
S02Ph 
LOA 
~
OH 
( 173) 
PhSH 
~ 
[OJ 
~ 
Al, Hg 
_..... 
0 
SPh 
0 
( 172 ) 
OH 
( 174 ) 
bases including lithium diisopropylamide in THF at -40 °C 
provided the rearranged sulphonyl ketone (173) in a yield 
of 80%. Selective removal of the sulphonyl group to give 
hydroxyketone (174) was accomplished with aluminium 
amalgam. The series of transformations was also applied to 
the synthesis of the macrocyclic ketone muscone, 111 an 
important ingredient of perfumes. 
Another three-carbon expansion has bee·n reported by 
Trost. 112 Reaction of the. sodium enolate of a beta-
ketosulphone with (175) in the presence of sodium iodide in 
DME afforded the c-alkyated product (176). 
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Q;02Ph 
Me3Si~OMs 
( 175 ) SiMe3 
~ 
S02Ph 
( 176) 
OH 0 q)= KH -----S02Ph 
( 177) ( 179 ) 
OH OH 
et>= KH ~ 
n S02Ph 
( 17 8) (180) 
Treatment of (176) with tetrabutylammonium fluoride led to 
the fused methylenecyclopentane (177) in high yield. 
Similar results were obtained with the cyclohexyl (178, 
n=l) and cycloheptyl (178, n=2) substrates. The products 
were found to differ in their behaviour with potassium 
hydride . For example , compound (177) fragmented to give , 
after concurrent elimination of benzene sulphinic acid, the 
cyclooctadienone (179), while exposure· of (178, n=l, 2) 
to the same conditions led only to the eliminat ion products 
(180 ) with no observed products of ring expansion. 
Furthermore , the larger ring compounds (181 n=6,10) gave 
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'ill 
II I 
I 
I I 
directly the three-carbon ring expanded products with no 
trace of the intermediate methylenecyclopentanes. 
These findings may be explained in terms of ring strain. 112 
The change in total bond energy of the transformation (182) 
to (183) is approximately zero. 
OH 0 
If the strain energy of (182) is approximated to be the sum 
of the strain energies of cyclopentane and an n-membered 
cycloalkane, and that of (183) as an n+3 membered 
cycloalkane, then the energy change for the reaction of the 
type (182) to (183) may be calculated. 113 It is found that 
expansion from a cyclopentanone (n=3) is 3 kcal/mol 
exothermic. The reaction (176) to (179) succeeds but the 
bicycle (177) may be isolated. When n=6, the reaction is 6 
kcal/mol endothermic and when n=7 it is thermoneutral: 
bicycle (178) does not expand. When n=8 or 12 the reaction 
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is exothermic by 5-9 kcal/mol and intermediates from (181) 
cannot be isolated. 
A similar argument may be applied to the phosphine oxide 
ring expansion. 
( 184) ( 185) 
0 
II 
Ph2P OH 
( 186) ( 18 7) 
Consideration of the bond energy changes114 gives an 
enthalpy change of -9 kcal/mol (C-0 and C-H bonds broken, 
c-c and 0-H bonds formed) for the transformation (185) to 
(186). Approximating the strain energy of (185) as that of 
cycloheptanone and the strain energy of (186) as that of a 
cycloalkane with n+7 members gives113 a total value for the 
energy change as -5 kcal/mol (n=2) and -2 kcal/mol (n=3) . 
Using the same approximations, the change in strain energy 
for the overall ring expansion (184) to (186) is +10 
kcal/mol (n=2) and +13 kcal/mol (n=3). Although these 
results are by no means quantitative, they do illustrate 
the thermodynamic unfavourability of the two and three 
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r 
carbon ring expansion of cyclohexanones. 115 This can be 
overcome by proceeding via the lactone intermediate 085), 
the formation of which is also controlled, at least in 
part, by steric effects. Cyclohexanone undergoes the 
Baeyer-Villiger reaction at a faster rate than other simple 
cycloalkanones. 116 Attack by peracid on the ketone causes 
rehybridisation of the carbonyl carbon from sp2 to sp3 . 
The resulting reduction in ring strain accelerates this 
process and causes the observed increase in rate. 
Ring expansion of a cyclohexanone by two or three carbon 
atoms is difficult to achieve on strain energy grounds.115 
Expansion of larger rings should be much easier. The 
reaction described above should also be extendable to give 
a four-carbon expansion. Attack of the carbanion of (185) 
on the ester carbonyl results in the bicyclic intermediate 
(187) via a five or six membered transition state. Once 
formed, this intermediate expels alkoxide by the lowest 
energy route to give the ketone (186) rather than revert to 
starting materials with expulsion of a carbanion. A four 
carbon ring expansion would require a seven membered 
transition state. Such a transition state has been 
observed in ·similar acyl transfer reactions. 117 The 
generality of this method of ring expansion is currently 
under investigation.118 
A carbocyclic ring enlargement by four carbon atoms has 
recently been reported119 employing a similar strategy to 
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II 
that above. 2-Nitrocycloalkanones (188) undergo a 
fluoride-ion catalysed Michael addition to 3-oxo-4-
pentenoates (189) to give the adducts (190). 
( 188 ) 
0 
( 190) { 191 ) 
Further treatment of (190) with an excess of 
tetrabutylammonium fluoride provides the ring-expanded 
products (191) by way of an intramolecular cyclisation 
followed by a fragmentation. Once more it was found that 
only medium or large ring systems could successfully be 
used as starting materials, again presumably an effect of 
ring strain. 
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The synthesis of homo-allylic alcohols 
The ketophosphine oxides prepared by the acyl transfer 
reaction may be stereoselectiveiy reduced; 
0 
II R 1 
Ph2Pyy~H 
HO ,,''"'R3 'R 
H 
( 192 ) 
treatment with sodium borohydride in methanol giving beta-
hydroxyphosphine oxides (192). The results are summarized 
in table 5. 
As can be seen from the table the yields of the reduction 
are in all cases very high. Generally the three 
selectivity of the reaction (approximately 4:1) is less 
than that observed with the corresponding alkyl compounds 
where a three selectivity of the order of 6:1 was found.
19 
Compound (192c) forms an exception to this pattern and 
shows one of the highest three selectivities observed for 
this borohydride reduction (15:1). A similar high degree 
of stereoselectivity in the reduction of a gamma-
hydroxyketone was found for compound (193) . 120 
- 7 7 -
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TABLE 5 
Reduction and elimination of diphenylphosphinoyl ketones 
0 0 1 
II R1 II ' R 1 
Ph2PDOH Ph2P~OH Rn OH 
2 NaBH4 R2 NaH I 2 R ~ ~ 3 R 
0 R3 HO 3 R R . 
( 100) ( 192) 
Yield Compound Threo: Yield 
diolC no. erythro olefin 
H 
H 
H 
Me 
H 
H 
H 
H 
H 
Me 
Et 
Ph 
Ph 
66 
64 
92 
75 
a) Ratio by n.m.r. 
b) 92% isolated yield. 
192a 
192b 
192c 
192d 
1 92e 
3: 1 a 
92:8b 
_e 
c) Isolated yield of pure threo isomer. 
d) Crude yield of mixture of isomers. 
e) Unknown ratio. 
f) Mixture of isomers. 
85 
82 
90 
(80)f 
( 210) 
Compound 
no. 
210b 
210c 
210d 
210e 
( 193 ) 
0 .. 0 
"-B···· 
Et/I "-Et 
Et 
( 195) 
{ 194 ) 
Reduction with sodium borohydride or lithium aluminium 
hydride led to a 50:50 mixture of diastereoisomers. 
However, reduction with two equivalents of lithium 
triethylborohydride in THF yielded isomer (194) as the sole 
product. It was proposed that initial reaction of the 
reducing agent with the alcohol followed by complexation of 
the boron to the carbonyl gave the cyclic structure (195). 
Attack of hydride from the least hindered face then gives 
the observed selectivity. A similar intermediate may 
explain the selective formation of (192c) . Alternatively, 
the free hydroxyl group complexed with the borohydride may 
deliver hydride intramolecularly. This. would lead to the 
observed increase in selectivity. 
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The diols formed on reduction of the ketophosphine oxides 
as described above may be purified by fractional 
crystallisation from ethyl acetate. The threo isomer 
separates out and one further recrystallisation is 
generally sufficient to give material stereochemically pure 
by 1H n.m.r. Completion of the Horner-Wittig reaction was 
accomplished by treatment of the hydroxyphosphine oxides 
with excess sodium hydride in either DMF or THF, which 
effected a clean elimination of diphenylphosphinate to give 
the homoallyl alcohols (210) (table 5). The elimination is 
stereospecific, pure threo starting material giving pure E-
olefin. The separated erythro product (81) from the 
addition of dianion (80) to benzaldehyde gave pure z-olefin 
(196) on elimination. Adduct (82) was obtained as a 
mixture of diastereoisomers which could not be separated. 
Treatment of this mixture with sodium hydride gave a 
mixture of~- (197) and ~-olefins (210d) which were 
separable by h.p.l.c on a silica gel column eluting with 
ethyl acetate . 
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II H 
Ph2P~OH 
HO H Ph 
( 81) 
0 
II 
Ph2P~OH 
HO Ph 
( 82) 
NaH 
----
~OH 
P·h 
( 196) 
NaH 
~
~O~ JOH 
Ph Ph 
( 197 ) ( 210 d) 
The presence of the extra hydroxyl group did not interfere 
with the normal course of the elimination reaction. In 
fact the elimination proceeded faster and at a lower 
temperature than in compounds lacking this group. 19a 
Treatment with excess sodium hydride would be expected to 
remove both acidic protons from (82) to give the dianionic 
species (198). Elimination of diphenylphosphinate will now 
lead to charge separation and the formation of two singly 
charged molecules (path 1). This separation of charge may 
well accelerate the elimination reaction and hence lead to 
the observed increase in rate. 
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0 
II -
Ph2P~O 
-oAPh 
( 198) 
path 2 
"" 
+ Ph CHO 
A common side reaction found in the elimination step of the 
Horner-Wittig reaction is one of reversion
121 (path 2). In 
certain cases, especially where the two newly joined carbon 
atoms are highly substituted, expulsion of the carbanion 
can compete with attack of the oxy-anion on the phosphorus. 
In the case of dianion (198), such a mechanism would lead 
to no separation of charge and thus would be disfavoured 
with respect to the elimination pathway. 
The combination of acyl transfer, stereoselective reduction 
and Horner-Wittig elimination forms an efficient route to 
~-homoallylic alcohols. Homoallylic alcohols have also 
been prepared by the reaction of allyl Grignard reagents 
with carbonyl compounds122 , vinyl nucleophiles with 
epoxides123 and acetylenic anions with epoxides.
124 In the 
transformation of (199) to (200) 123 the stereochemistry of 
the vinyl carbanion is retained in the product. The 
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acetylenic route can in principle be made either E- or z-
selective. 
( 200) 
1 R OH 
LiALH4/ ~R2 
R1 - R2 
-==~ 
OH 
Sigmatropic rearrangements giving ~-homoallyic alcohols, 
for example (201), are also synthetically useful. 125 
(p-Buli ---- OH Ph~ 
Ph 
( 201) 
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[, 
Homoallylic alcohols have been isolated from natural 
products. 126 For example "leaf alcohol" (202) is found in 
green tea oil and posesses the characteristic smell of 
green grass and leaves. 127 Dienol (203) is a pheremone of 
the Aegeria Tibialis moth.126 
OH 
( 202) 
HO 
( 203) 
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I I 
Removal of Phosphorus 
The use of phosphine oxides and phosphorus-containing 
. . 
ie. 
groups in general in chemistry rel~s on the role of 
phosphorus as a synthetic handle. By its use, simple 
molecules can be joined together to form more complex 
compounds, and at the end of this process it is necessary 
to remove the phosphorus as it does not usually form a part 
of the final product. By far the most common way of 
removing the phosphorus is of course by completion of a 
Horner-Wittig reaction to form a double bond. 
NaH 
~ 
The use of this reaction to form homoallylic alcohols has 
been described above and many other examples may be found 
in the literature. The reason for performing this reaction 
is usually to obtain the double bond compound itself 
although this may be hydrogenated or otherwise 
functionalised if required. 
Another method involves the oxygenation of a phosphorus 
stabilised carbanion. For instance, the anion derived from 
phosphine oxide (204) may be oxygenated by air to give128
 a 
moderate (50%) yield of ketone (205). 
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0 
II 
PhzP 
( 2 04 ) 
,. Buli 
~
u.02 
0 
( 205) 
The oxidative coupling of phosphoranes is a general 
synthetic method first discovered by Bestmann129 which has 
found use in many areas of polyene chemistry, for example 
in the synthesis of beta-carotene. 130 Ylid (206) may be 
obtained in high yield from vitamin A. If a solution of 
(206) is subjected to autoxidation with oxygen, crystalline 
beta-carotene (207) is obtained immediately on working up. 
The yield of crude product is 35%. 
{ 206) 
( 207) 
It is assumed that one molecule of ylid and one molecule of 
oxygen first react to form triphenylphosphine oxide and an 
aldehyde . The latter then enters into a Wittig reaction 
with an unoxidised ylid molecule to give the olefin (207). 
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A reaction reported by Horner131 demonstrates the removal 
of a diphenylphosphinoyl group by sodium hydroxide. 
0 
II 
Ph2P~ 
Ph 
( 208 ) 
Na.OH 
~ 
220°C ·~ Ph 
Heating a mixture of the phosphine oxide (208) and powdered 
sodium hydroxide to 220 °c resulted in the formation of 
phenylcyclopropane which was distilled out of the reaction 
mixture as formed. Clearly vigorous conditions are 
required for this intermolecular reaction to occur, and 
stabilisation of the developing charge during the process 
by the phenyl and cyclopropyl groups may be important. 
Reductive methods have also been employed for the removal 
of phosphorus-containing functionality. For example, when 
phosphonate (211) is reacted with lithium aluminium 
hydride , the skipped diene (212) is obtained. 134 
( 212) 
- 86 -
Lithium aluminium hydride reduction of allylphosp
hine 
oxides removes the diphenylphosphinoyl group and 
mixtures 
of isomeric (regio and stereo) olefins result.
135 By 
contrast, reduction of the alcohols (213) gives single 
regioisomers of ~~olefin (214). Coordination of the 
aluminium as in (215) and intramolecular delivery of 
hydride has been suggested as an explanation. 
2 R OH 
(213) (211.) 
( 215 ) 
Apart from the Horner-Wittig elimination, the m
ethods 
described above have not proved to be very gener
al. Other 
methods for the removal of phosphorus are therefo
re of 
interest. 
Earlier work has shown the use of diphenylphosph
inoyl as a 
migrating functional group.128,136,137 
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H+ 0 0 II II 
0 (OH j: fh2 II~ Ph2R R H+ ~ 
------
H 
( 216) ( 217) 
Protonation of alcohols (216) with trifluoroacetic or 
£-toluene sulphonic acid resulted in dehydration wit
h 
diphenylphosphinoyl migration, the more substituted 
double 
bond being formed regiospecifically and with 
§-stereochemistry. 137 The driving force for this reaction 
is thought to be the formation of the stable carboniu
m ion 
(217), which would help explain the lack of rearrangement 
from all but a tertiary migration origin. The prefer
ence 
for diphenylphosphinoyl migration as opposed to alky
l 
migration is explained by the energetic unfavourabil
ity of 
the carbonium ion alpha to phosphorus which would re
sult 
from such a process. Early work on the application 
of this 
chemistry to hydroxy-substituted phosphine oxides wa
s not 
very successful. This work was eventually abandoned
 but 
one result did emerge which was to provide an idea f
or 
further research. During the course of this investi
gation 
compound (82) was treated with trifluoroacetic acid and the 
major product (19%) separated by flash chromatography and 
HPLC . It was shown to have the structure (219), and could 
be hydrolysed in aqueous sodium hydroxide to the alco
hol 
(21 0d). 
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0 0 
II II 
Ph2P~OH TFA )OPPh2 
~ 
/j 
HO+ Ph Ph 
H 
(82) ( 219) 
+ 
-H+/ + NaOH 
0 
II~ •. 
Ph2P~OH )OH 
Ph Ph 
( 221) ( 210d) 
This reaction was found to be very variable and (219) was 
only obtained in low yield so further work in this area was 
discontinued . What this result did show , however , was the 
possibility of intramolecular attack of oxygen on 
phosphorus. Presumably the mechanism of this reaction is 
as shown . The initial protonated species may lose water to 
give (221) which fragments to give (219). Alternatively 
the process may be concerted. 
The similarity of (82) to the ketone (100c) is clear . 
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( 82) ( 100c) 
In both compounds there is an electron sink (protonated 
hydroxyl or carbonyl) and also an oxygen atom in the same 
position relative to the phosphorus. It was expected 
therefore that (lOOc) would undergo a similar 
diphenylphosphinoyl transfer with base. Indeed, treatment 
of (100c) with one equivalent of sodium hydride in THF gave 
the two products (222) and (224c), both in 35% yield. 
0 0 
II II 
Ph2P~OH 
NaH ~OPPh2+ 
_____.. 
0 Ph O Ph 
{ 100 C) 
( 100c) -..-
( 222) 
0 
(\~O~Ph2 
-o~Ph 
( 22 9 ) 
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~ (222) 
ot: 
( 221.c) 
0 0 
II II 
Ph2P~OH NaH O'~c::/OPPh2 + aC ~
( 100b) I 223) I 2 24 b
) 
(222) has been formed by intramolecular
 attack of alkoxide 
on phosphorus. Further transfor
mation of this by an 
intramolecular attack of the res
ulting enolate displacing 
the good diphenylphosphinate lea
ving group gives rise to 
(224). Treatment of (100b) with sodium
 hydride similarly 
gave a mixture of products (223) and (2
24b). 
These results clearly show the 
possibility of an 
intramolecular attack by oxygen 
on phosphorus. However, a 
50:50 product ratio is not ideal
 and the reaction 
conditions were varied to try to
 favour formation of one 
product over the other. 
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The synthesis of cyclopropylketones 
A study of the literature revealed similar problems in the 
interception of a carbanion. 
~C02Me L-Selectride ~C02Me 
R ____.. R 
THF 
(225) ( 226 ) 
~,H-:" 
o-
Rx::e 
R~OMe ( 226
) 
~ 
0 R 
(228) ( 2 2 7 ) 
Reduction of (225) with "L-Selectride" in THF was found138 
to give both the desired saturated ester (226) together 
with substantial amounts of the undesired by-product (227) 
arising from acylation of the intermediate enolate (228) by 
the product (226). In this case, if the reaction was run 
in !-butanol the acylation was completely suppressed, 
presumably by protonation of (228). Based on this 
observation it was decided to attempt the phosphine oxide 
reaction in this solvent with the hope that the 
intermediate (229) would likewise be protonated giving 
(222). 
The use of t-butanol as solvent together with potassium t-
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butoxide as a base did indeed result in exclusive formation 
of one product. Unexpectedly the cyclopropylketone (224) 
was formed in near quantitative yield. As can be seen from 
table 6, yields were excellent in all cases tried. No 
other products could be isolated from the reaction mixture. 
Cyclopropane formation has been observed from the reaction 
of other phosphorus-stabilised ylids. Ylid (105) 
undergoes139 an oxygen to carbon acyl transfer to give the 
intermediate (106). 
( 105) 
roPPh3 
~(\ ~ 
-o Ph at: 
( 107) (221.c) 
Reaction does not stop at this point however, but continues 
via a carbon to oxygen phosphorus transfer to give (107) 
which cyclises to the cyclopropylketone (224c). Similarly, 
the phosphonate (230) reacts140 with ethylene oxide to form 
in one step the cyclopropane carboxylic ester (231). 
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I 
I 
TABLE 6 
Synthesis of cyclopropylketones 
( 224) 
Yield Compound no. 
H H Me 81 224a 
H H Et (100)a 224b 
H H Ph 100 224c 
Me H Ph 91 224d 
H Ph 6 99 224e 
H Me n-C6H13 91 224f 
a) As 2,4-dinitrophenylhydrazone. 11 
( 230) 
,. Base 
~ 
"·D 
0 
~OEt 
( 231 ) 
Examples of cyclopropane formation are rarer in 
the 
phosphine oxide series. One early example was fo
und131 in 
the reaction of phosphine oxide (232) with styrene oxide, 
where the formation of the aryl cyclopropane (233) was 
observed. Presumably the same sequence of acyl 
transfers 
occurs in this reaction with the intermediacy of
 a 
stabilised benzylic carbanion. 
( 232) 
I. PhLi 
·-----II.~ 
Ph 
( 233) 
More recently, the sequence of reactions shown b
elow has 
been described. 141 Diphenylphosphinoyl enamine
s (234) can 
be prepared as stable, crystalline solids. Thei
r anions 
react on the carbon atom alpha- to phosphorus wi
th epoxides 
to give the intermediate (235). 
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I 234 ) 
1. Buli 
-----0 
"~R3 
( 235) 
0 
3~R
2 
R so% 
I 236) 
Carbon to oxygen phosphoryl transfer followed by 
cyclisation gives on acidification the cyclopropylketones 
(236). The strategy of this cyclopropylketone synthesis 
involves an opposite order of assembly to the method 
described above. In one case, a phosphine oxide anion is 
alkylated with an epoxide followed by acylation with a 
carbonyl compound. In the the other, the acylation step is 
performed first. 
Both of the above methods proceed by an intramolecular 
displacement of a leaving group by an enolate or enolate 
equivalent. Although severely strained, the three membered 
ring forms easily due to the proximity in the starting 
material of the carbon atoms which become bonded in the 
product and the ease of antiperiplanar alignment of the 
bonds concerned. 142 
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Cyclopropyl ketones have found extensive use in organic 
synthesis. 143 Murphy144 has demonstrated that 1-
aryltetralones are readily synthesised by Lewis acid 
catalysed rearrangement of cyclopropyl aryl ketones. 
0 0 
0 
Meo OMe 
( 237) 
The cyclopropyl ketones were made from the corresponding 
chalcones with dimethylsulphoxonium methylide. Extension 
of this work to bis-cyclopropyl ketones (e.g. 237) was 
complicated by the difficulty of synthesising the required 
starting ketones, especially when unsymmetrically 
substituted. 145 Ketone (224e) was required for use in 
this study and the phosphine oxide route described above 
provides a convenient route to this and similar compounds. 
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The synthesis of 4-hydroxyketones. 
It has been shown above how, with a suitable choice of 
conditions, the formation of cyclopropylketones may be 
favoured on treatment of (100) with a base. In order to 
stop the reaction at the intermediate enolate stage, 
different conditions were investigated. It was reasoned 
that a protic solvent was needed in order to protonate the 
enolate and thus prevent further reaction. Also the use of 
a more nucleophilic base might be expected to hydrolyse the 
phosphinate ester as it was formed and thus deprive the 
intermediate of its good leaving group. The use of aqueous 
sodium hydroxide solution with sufficient ethanol added to 
dissolve the phosphine oxide was found to meet these 
requirements. Treatment of phosphine oxides (100) with 2:1 
4M sodium hydroxide:ethanol at 60 °c from two to five hours 
S3 
gave the 4-hydroxyketones (238) in 41e,-69% yield (table 7). 
0 R1 II 
Ph2PDOH 
2 
0 3 R R 
Ryy~H 
Q':;:J.'-R 3 'R 
( 100) ( 238) 
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H 
H 
H 
H 
H 
TABLE 7 
Synthesis of 4-hydroxyketones 
NaOH 
~ 
H Me 53 
H Et 60 
H Ph 69 
60 
Compound no. 
238a 
238b 
238c 
238d 
238e 
The 4-hydroxyketone could not be made the sole p
roduct of 
this reaction and the ubiquitous cyclopropylketon
e was 
formed as the main impurity. However, flash chro
matography 
on silica gel eluting with ethyl acetate easily 
separated 
the hydroxyketone from the less polar cyclopropy
lketone. 
Ketones (238c) and (238b) were also formed by the 
hydrolysis of phosphinate esters (222) and (223) in aqueous 
sodium hydroxide solution. 
Two compounds from table 7 may be singled out as
 being of 
special interest. Hydroxyketone (238d) is a known 
precursor for the synthesis of dihydrojasmone
146 (239) and 
has been converted147 as shown in scheme (17) to this 
important perfumery compound. 
OH 0 
Cr03 
~ 
0 0 
( 238d) 
0 
NaOH 
~
( 239) Scheme 17 
The formation of cyclooctanone (238e) on treatment of 
phosphine oxide (158) with aqueous base provides chemical 
confirmation of .the st:r:ucture of (158). Although (158) 
appears to exist in bicyclic form (158b), enough of the 
- 98 -
open form (158a) must exist at equilibrium under the basic 
reaction conditions for intramolecular attack on the 
phosphorus to occur. 
The homologous phosphine oxide (139) was also treated under 
the same conditions. It was envisaged that attack by the 
oxygen on the phosphorus via a six-membered transition 
state would give the enolate. 
0 
II 
Ph2P~ OH 
0 Ph 
( 139) 
0 
II 
Ph2P~ 
OH 
{ 138) 
------ ~OH 
O~Ph · 
( 240) 
Formation of cyclobutanones is known
148 to be a slow 
process and thus protonation of the enolate and hydrolysis 
of the ester was expected to give the 5-hydroxyketone 
(240). In fact when (139) was treated with refluxing 
sodium hydroxide/ethanol only the de-acylated product (138) 
was formed. Potassium t-butoxide in t-butanol gave no 
reaction at roo~ temperature and similarly led to de-
acylation on heating under reflux. 
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4-Hydroxyketones and cyclopropylketones are closely related 
chemically and may in fact be easily interconverted. 
Protonation of cyclopropylketone (224c) in strong mineral 
acid for one hour at 90 •c causes ring opening
149 and the 
product may be trapped with water to give the 
4-hydroxyketone (238c). 
0 
~Ph 
( 224c) 
0 
~OH 
( 238a} 
0 
~OH 
Ph 
( 238c) 
0 
~ 
( 224a) 
The reverse process has been accomplished with various 
dehydrating agents. 150 , 151 For instance, hydroxyketone 
(238a) when passed over alumina at 250 · c gives 
methylcyclopropylketone (224a) in good yield. 150 
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Summary 
The work described in this thesis has sh
own the effect of a 
hydroxyl group on the chemistry of diph
enylphosphine 
oxides. 
3- and 4-diphenylphosphinoyl alcohols m
ay be prepared by a 
variety of methods including the openin
g of epoxides by 
phosphine oxide anions, a reaction whic
h itself exhibits 
interesting stereocontrol. The dianions
 of these alcohols 
may be alkylated with aldehydes to give
 3-hydroxyphosphine 
oxides. The stereoselectivity of these
 reactions is poor 
and they do not succeed with enolisable
 aldehydes. 
t-Butyldimethylsilyl protected alcohols
 can be successfully 
alkylated by even enolisable aldehydes 
but again with 
little or no selectivity. 
Treatment of esters of these alcohols w
ith lithium 
diisopropylamide in tetrahydrofuran ini
tiates a 
rearrangement in which intramolecular o
 ~ C carboxyl 
transfer occurs to give 3-ketophosphine
 oxides in high 
yield. The rearrangement succeeds with 
both alkyl and aryl 
esters. Reduction with sodium borohydr
ide gives threo-
hydroxyphosphine oxides (typically 3:1 threo:ery
thro 
although one example of at least 15:1 se
lectivity was 
observed). Completion of the Horner-Wittig reac
tion gives 
pure ~-homoallyl alcohols. When applie
d to a suitable 
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lactone substrate, the carboxyl transfer reaction tak
es on 
the guise of a carbocyclic ring expansion. By a sui
table 
choice of phosphine oxide starting material, both 2-
and 3-
carbon ring expansions may be achieved. 
Treatment of the 3-ketophosphine oxides with a potass
ium 
base (specifically potassium t-butoxide in t-butanol) 
results in C ~ o phosphinoyl transfer to give an eno
late 
which is not isolated but which eliminates 
diphenylphosphinate to give a cyclopropyl ketone in 
virtually quantitative yield. 
Alternatively, by the use of the more nucleophilic b
ase 
potassium hydroxide in water, the enolate so formed 
is 
protonated and the resulting phosphinate ester hydro
lysed 
to give a 4-hydroxyketone. 
R1 b OH R~R2 ROOH RN a C / R2 O R3 0 R3 
~ 
0 
1 II 
R3 C OC l R~PPh2 O R2 Ll/ 
Scheme 18 
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The diphenylphosphinoyl group is used to make at least two 
c-c bonds in these syntheses. These correspond to 
disconnections (a) and (b) in scheme 18. The strategy 
behind disconnection (a) is the formation of a hard-to-make 
c-c bond by rearrangement from an easily made c-o bond. 
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EXPERIMENTAL 
Experimental 
Melting points were determined
 on a Buchi 510 melting point 
apparatus and are uncorrected.
 
Nuclear Magnetic Resonance spe
ctra were recorded on Varian 
associates EM390 (90 MHz) and EM360 (
60 MHz) machines. 
High field and 
13 c spectra were recorded on a B
rucker 250 
MHz machine. 
Mass spectra were reco~ded on 
A.E.I. MS902 and MS30 
spectrometers. High resolutio
n mass spectra employed a 
DS50S data system. 
Infra-red spectra were recorde
d on a Perkin Elmer 297 
grating spectrometer in soluti
on or as as a nujol mull. 
Microanalyses were performed b
y staff at the Cambridge 
University Chemical Laboratori
es. 
Chromatography was performed o
n Merck Kieselgel 60 and 
t.l.c. and p.t.l.c. on silica 
coated glass plates. 
High-performance liquid chroma
tography was performed using 
an Altex llOA pump and a Lichr
osorb-10 silica column. 
All solvents were distilled be
fore use. 
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Dry THF refers to tetrahydrofuran, freshly distilled off 
lithium aluminium hydride before use. 
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Methyldiphenylphosphine oxide. 
Iodomethane (14.2 g) was added to a solution of 
triphenylphosphine (26.2 g) in ether (200 ml), the solution 
was shaken and allowed to stand for 48h in the dark. The 
white solid formed was filtered off, washed with ether, and 
then heated under reflux with 30% sodium hydroxide solution 
for lh. After the mixture had been allowed to cool, it was 
extracted with dichloromethane. The extracts were dried 
over Mgso4 and evaporated under reduced pressure to giv
e a 
solid which was recrystallised from ethyl acetate to give 
the phosphine oxide (18.4 g, 85%) as needles, m.p. 111-
112 °C (from ethyl acetate), lit. 160 m.p. 111-112 °C. 
Similarly from iodoethane was obtained 
ethyldiphenylphosphine oxide (85%), m.p. 120-121 °C (from 
ethyl acetate), lit., 161 m.p. 121 °c. 
Similarly from 1-bromopropane was obtained 
diphenylpropylphosphine oxide (82%), m.p. 98-100 °C (from 
ethyl acetate-hexane), lit., 160 m.p. 100-101 °C. 
Similarly from 1-bromobutane was obtained 
butyldiphenylphosphine oxide (80%), m.p. 92-94 °C (from 
ethyl acetate-hexane), lit., 160 m. p. 93·-94 °c. 
3-Diphenylphosphinoylpropan-1-ol (59). 
3-Bromopropanol (47.7 g) was carefully added to a stirred 
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solution of triphenylphosphine (90 g) in dry 
dimethylformamide (200 ml). When the addition was 
complete, the mixture was heated under reflux for
 18 hand 
then allowed to cool to room temperature. The pr
ecipitated 
phosphonium bromide was filtered off, washed with
 a small 
quantity of ether and dried under reduced pressur
e. The 
crude phosphonium salt was then dissolved in 30% 
sodium 
hydroxide solution (200 ml) and heated under reflux for 
3 h. On cooling to room temperature the mixture 
was 
neutralised by careful addition of lOM hydrochlo
ric acid, 
with cooling in an ice bath when necessary. Ext
raction 
with dichloromethane, drying over Mgso4 and remo
val of the 
solvent under reduced pressure gave a waxy solid 
which was 
further solidified by trituration with sodium dri
ed ether 
(3 x 100 ml). Recrystallisation from ethyl acetate gave 
the alcohol (59) (80.1 g, 89%) as needles, m.p. 99.5-100.5 
0 c (from ethyl acetate) (Found: c, 69.4; H, 6.45; P, 12.2. 
c15H17o2P requires c, 6
9.2; H, 6.54; P, 11.9%), gF (ethyl 
acetate) 0.21, vmax.(CDC1 3 ) 3 350 (OH), 1 440 (Ph-P), and 
1 180 cm-l (P=O), 6H(CDC1 3 ) 8.0-7.3 (lOH, m, Ph2PO), 4.4 
(lH, s, OH), 3.65 (2H, t, ~ 7Hz, CH20), 2.6-2.2 
(2H, m, CH2P), and 2 . 1-1.6 (2H, m, other C
H2 ) (Found: M+-
H, 259.0901. c15H17o2P requires ~-H, 
259.0888), ~~ 259 
+ + ' + (6.9%, ~ -H) , 242 (26, ~ -H2o), 230 (67, ~ -CH20), 215 (88, 
~+-CH2CH20H) and 202 (100, Ph2POH). 
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3-Diphenylphosphinoylbutan-1-ol (63a). 
n-Butyllithium (20.1 ml of a 1.6M solution in hexane) was 
added to a stirred solution of ethyldiphenylphosphine oxide 
(6.9 g) in THF (80 ml) cooled to -20 °c in a Cardice -
ethanol bath. Stirring was continued for 30 min, ethylene 
oxide (2.5 ml) added in one portion and the mixture stirred 
at -20 °C for 2 h. Excess water was added and the mixture 
extracted with dichloromethane. The extract was washed 
with water and with brine, dried over Mgso4 and the solvent 
removed under reduced pressure to give an oil. 
Recrystallisation from ethyl acetate gave the alcohol (63a) 
(6.99 g, 85%) as prisms, m.p. 104-107 °C, (Found: c, 70.18; 
H, 7.07; P, 11.3. C16H1902P requires c, 70.l; H, 6.93; P, 
11.3%), gF (ethyl acetate) 0.18, vmax.(CDC1 3 ) 3 250 (OH), 
1 600 (Ph), 1 440 (Ph-P), and 1 180 cm-l (P=O), B°H(CDC1 3 ) 
8.1-7.3 (lOH, m, Ph2PO), 4.8 (lH, br s, OH), 3.7 (2H, br t, 
~ 5Hz, C~20H), 2.9-2.6 (lH, m, CH3C~P), 2.3-1.4 (2H, m, 
C~2CHP), 1.3-1.0 (3H, dd, ~PH 17Hz and ~HH 7Hz, CH3 ) 
(Found:~+, 274.1125. c 16H19o 2P requires~' 274.1122), ~~ 
+ + 274 (0.6%, ~ ), 244 (16, ~ -CH20), 230 (45, Ph2POCH2CH3 ) , 
201 (100, Ph2PO). 
3-Diphenylphosphinoyl-l-phenylbutan-1-ol (63b). 
n-Butyllithium (27.5 ml of a 1.6M solution in hexane) was 
added to a stirred solution of propyldiphenylphosphine 
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oxide (10 g) in THF cooled to O ·c in an ice - salt bath. 
stirring was continued for 15 min to allow comple
te anion 
formation, styrene oxide (4.7 ml) added in one portion and 
the mixture allowed to warm to room temperature 
with 
stirring overnight (18 h). Excess water was added to the 
resulting pale orange coloured solution and the 
mixture 
stirred for 3 h. The precipitate was filtered o
ff, washed 
with water and dried under reduced pressure. 
Recrystallisation from ethyl acetate gave the al
cohol (63b) 
(16.3 g, 96%) as prisms, m.p. 210-211 ·c (from ethyl 
acetate) 
requires C, 75.8; H, 6.87; P, 8.52%), gF (ethyl acetate) 
0.14, Vmax. (CDCl3) 3 350 (OH), 1 440 (Ph-P) and 1 180 cm-
1 
(P=O), 0H(CDC1 3) 8.0-7.2 (15H, m, Ph2PO and Ph), 5.3
 (lH, 
br s, OH), 5.0-4.8 (lH, m, CH-0), 2.5-1.5 (5H, m, 
CH2CHCH2), and 0.9 (3H, t, ~ GHz, CH3), !!!/~ 258 (9%, M+-
PhCHO), 229 (49), and 202 (100, Ph2POH). 
4-Diphenylphosphinoylpentan- 2-ol (63c) . 
n-Butyllithium (23.6 ml of a 1.6M solution in hexane) was 
added to a s t irred solution of ethyldiphenylphos
phine oxide 
(8.08 g) in THF cooled too ·c in an ice - salt bath. 
Stirring was continued for 15 min to allow comple
te anion 
formation , propylene oxide (2.46 ml) was added and the 
mixture a l lowed to warm to room temperature with
 stirring 
overnight (18 h). Excess water was added and the mixture 
extracted wi th d i chloromethane. The e xt r act was 
washed 
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with water and with brine, dried over Mgso4 and the solvent 
removed under reduced pressure to give the alcohol (63c, a 
1:1 mixture of diastereoisomers by integration of the 1
3c 
n.m.r. spectrum) (8.06 g, 80%) as an oil, 0H(CDC1 3) 8.0-7.3 
(lOH, m, Ph2PO), 4.6 (lH, br s, OH), 4.1-3.8 (lH, m, CHOH), 
3.1-2.6 (lH, m, CHP), 1.9-1.6 (2H, m, CH2) and 1.3-0.9 (6H, 
m, CH3 1 s), 6c(CDC1 3) major isomer 64.0 (~cp 1.5 Hz), 38.5
, 
29.3 (~cP 70.0 Hz), 24.0, 11.3; minor isomer 62.8 (~cp 1.5 
Hz), 37.8, 27.6 (~cp 70.0 Hz), 20.5 and 13.6. 
3-Diphenylphosphinoyl-l-phenylpropan-1-ol (63d). 
n-Butyllithium (9.3 ml of a 1.6M solution in hexane) was 
added to a stirred solution of methyldiphenylphosphine 
oxide (3.0 g) in THF cooled to O °C in an ice - salt bath. 
Stirring was continued for 1 h to allow complete anion 
formation, styrene oxide (1.7 ml) was added in one portion 
and the mixture allowed to warm to room temperature with 
stirring overnight (18 h) . Excess water was added and the 
mixture extracted with dichloromethane. The extract was 
washed with water and with brine, dried 'over Mgso4 and the 
solvent removed under reduced pressure to give an oil. 
Recrystallisation from ethyl acetate gave the ~lcohol (63d) 
(3.72 g , 79%) as needles, m. p . 144-145 °C (from ethyl 
acet ate) 
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requires C, 75.0; H, 6.25; P, 9.23%), gF (ethyl acetate) 
0.11, Vmax. (CDCl3) 3 350 (OH), 1 440 (Ph-P), 1 400 (s), and 
1 020 cm-1 (s), 6H(CDC13 ) 7.8-7.2 (15H, m, Ph2Po and Ph), 
4.75 (lH, t, ~ 7Hz, CH-0), 4.7 (lH, br s, OH), and 2.6-1.8 
(4H, m, CH2cH2 ) (Found~+, 336.1283. c 21H21o 2P
 requires 
~' 336.1279), !!!/~ 336 (0.74%, ~+), 201 (100, Ph2PO), and 77 
(72, Ph) . 
4-Diphenylphosphinoylbutan-2-ol (63e). 
n-Butyllithium (25 ml of a 1.6M solution in hexane) was 
added to a stirred solution of methyldiphenylphosphin
e 
oxide (8.03 g) in THF (100 ml) cooled too °C in an ice -
salt bath. Stirring was continued for 1 h to allow 
complete anion formation, propylene oxide (2.6 ml) was 
added in one portion and the mixture allowed to warm 
to 
room temperature with stirring overnight (18 h). Excess 
water was added and the mixture extracted with 
dichloromethane. The extract was washed with water a
nd 
with brine, dried over Mgso4 and the solvent remove
d under 
reduced pressure to give an oil. Recrystallisation f
rom 
ethyl acetate gave the alcohol (63e) (7.1 g, 70%) as 
needles, m.p. 101-102 °c (from ethyl acetate) (Found: C, 
70.3; H, 7.19; P, 11.09. c 16H19o 2P requires C, 70.l;
 H, 
6.93; P, 11.3%), gF (ethyl acetate) 0.15, vmax.(CDC1 3 ) 
3 320 (OH), 1 590 (Ph), 1 440 (Ph-P), and 1 170 cm-l (P=O), 
OH(CDC1 3 ) 7.9-7.4 (lOH, m, Ph2PO), 4.1-3.7
 (lH, m, CH-0), 
2.9 (lH, br s, OH), 2.6-2.2 (2H, m, CH2-P), 2.0-1.4 (2H, m, 
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C~2CH-O), and 1.15 (3H, d, ~ 6Hz, CH3 ) (Foun
d: ~+-H, 
. + 
273.1052. c 16H19o 2P requires~ -H, 273
.1044), ~~ 273 
(1.3%, ~+-H), 215 (63, Ph2POHCH3), and 202 (100, Ph2POH). 
3-Diphenylphosphinoyl-l-phenylbutan-1-ol (63g). 
n-Butyllithium (34 ml of a 1.6M solution in hexane) was 
added to a stirred solution of ethyldiphenylphosp
hine oxide 
(10.62 g) in THF (100 ml) cooled to O °C in an ice - salt 
bath. Stirring was continued for 1 h to allow co
mplete 
anion formation, styrene oxide (5.8 g) added in one portion 
and the mixture allowed to warm to room temperatu
re with 
stirring overnight (18 h). Excess water was added and the 
mixture extracted with dichloromethane. The extr
act was 
washed with water and with brine, dried over Mgso4 
and the 
solvent removed under reduced pressure to give an
 oil. 
Recrystallisation from ethyl acetate gave the al
cohol (63g} 
(11.45 g, 71%} as needles, m.p. 154-157 °c, gF (ethyl 
acetate) 0.20, vmax.(CDC1 3 ) 3 320 (OH), 1 600 (Ph}, 1 440 
(Ph-P) and 1 180 cm-1 (P=O), OH(CDC1 3 ) 7.9-7.2 (15H, m, 
Ph2PO and Ph), 5.1 (lH, br s, OH), 4.8 (lH, t, ~ 7Hz, CH-
O), 2.6-2.2 (lH, m, CHP), 2.2-1.8 (2H, m, C~2CHP}, 1.3-1.0 
(3H, dd, ~PH 17Hz and ~HH 7Hz, CH3) (Found:~+, 350.1435. 
c 22H23 o 2P requires~, 3
50.1435), ~~ 350 (0.13%, ~+), 202 
(100, Ph2POH). 
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3-Diphenylphosphinoylheptan-1-ol (63h). 
n-Butyllithium (13.4 ml of a 1.6M solution in hexane) was 
added to a stirred solution of n-pentyldiphenylphosphine 
oxide (5.44 g) in THF (80 ml) cooled too 0 c in an ice -
salt bath. Stirring was continued for 1.5 hand the 
resulting anion solution cooled to -60 °c. Ethylene oxide 
(2.0 ml) was added using a pre-cooled syringe and the 
mixture allowed to warm to room temperature with stirring 
overnight (18 h). Chromatographic analysis showed the 
presence of some starting material so the mixture was 
cooled to -5 °C and a further portion of ethylene oxide 
(1 ml) added. The mixture was then allowed to warm to room 
temperature over 24 hat which time no starting material 
could be detected. Excess water was added and the mixture 
extracted with dichloromethane. The extract was washed 
with water and with brine, dried over Mgso4 and the solvent 
removed under reduced pressure to give a dark red oil. 
Trituration with ether (3 x 50 ml) gave a waxy solid which 
was purified by flash chromatography on silica gel eluting 
with ethyl acetate and recrystallised from ethyl acetate to 
give the alcohol (63h) (1.7 g, 27%) as a waxy solid, 
(Found: C, 72.08; H, 7.89; P, 10.04. c19H25o2P requires C, 
72.15; H, 7.91; P, 9.81%), gF (ethyl acetate) 0.29, 
Vmax.(CDCl3) 3 250 (OH), 1 440 (Ph-P), and 1 170 cm-
1 
(P=O), 6H(CDCl:3) 8.0-7.2 (lOH, m, Ph2PO), 4.4 (lH, s, OH), 
3.9-3.3 (2H, m, C!faOH), 2.7-2.2 (lH, m, CHP), 2.2-0.5 (llH, 
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m, CH3 and other CH2
1 s) (Found:!:!+, 316.1566. c19H25o2P 
requires!:!, 316.1593), ~~ 316 (1.6%, !:!+), 229 (76, 
Ph2POCH2CH3), 202 (100, Ph2POH). 
(1R2S, 1S2R)-3-Diphenylphosphinoyl-l,2-dimethylpropan-l-ol 
(63i). 
n-Butyllithium (9.37 ml of a 1.6M solution in hexane) was 
added to a stirred solution of methyldiphenylphosphine 
oxide (3.02 g) in THF cooled to O °C in an ice - salt bath. 
Stirring was continued for 1 h to allow complete anion 
formation, trans-2,3-epoxybutane (1.24 ml) was added and 
the mixture heated under reflux for 48 h. After cooling to 
room temperature, water was added and the mixture extracted 
with dichloromethane. The extract was washed with water 
and with brine, dried over Mgso4 and the solvent removed 
under reduced pressure to give an oil. Recrystallisation 
from ethyl acetate gave the alcohol (63i) (3.54 g, 88%), 
m.p. 195-196 °C, Vmax.(CDC1 3) 3 250 (OH), 1 440 (Ph-P), and 
1 170 cm-1 (P=O), OH(CDC1 3) 7.9-7.3 (lOH, m, Ph2PO), 3.9 
(lH, br s, OH), 4.0-3.6 (lH, m, on o2o exchange becoming 
dq, ~ 6.5 and 3Hz, CH-0), 2.8-1.8 (3H, m, CHCH2P), 1.1 (3H, 
t, ~ 6Hz, c~3CHOH), and 0.9 (3H, dt, ~PH lHz and ~HH 6.5Hz, 
CH3 ) (Found: !:!+, 288.1266. c17H21o2P' requires!:!, 
288.1279), ~~ 288 (2.5%, !:!+), 215 (62, Ph2POHCH3), and 202 
(100, Ph2POH). 
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l-Diphenylphosphinoyl-2-methylbutan-2-ol (69). 
n-Butylllithium (31 ml of a 1.6M solution in hexane) was 
added dropwise to a stirred solution of 
methyldiphenylphosphine oxide (10.0 g) in THF (100 ml) 
cooled too °C in an ice-salt bath. After 30 min, 
ethylmethylketone (3.33 g) was added and the mixture 
allowed to warm to room temperature over 5 h. The mixture 
was then quenched with saturated ammonium chloride solution 
and extracted with dichloromethane. The extract was washed 
with water and with brine, dried over Mgso4 and the solvent 
removed under reduced pressure. The residue was 
recrystallised from ethyl acetate to give the alcohol (69) 
(12.3 g, 92%) as needles, m.p. 185-187 °C , vmax. (CDC1 3 ) 
3 350 (OH), 1 440 (Ph-P), and 1 180 cm-l (P=O), OH(CDC1 3 ) 
7.9-7.3 (lOH, m, Ph2PO), 4.8 (lH, br s, OH), 2.55 (2H, d, J 
10 Hz, CH2P), 1.55 (2H, distorted q, ~ 7 Hz, C~2cH3), 1.2 
(3H, s, CH3C-O) and 0.8 (3H, t, ~ 7 Hz, C~3cH2 ) (Found:!:!+, 
288.1284. c 17H21o 2P requires~, 288.1279), !!!f~ 288 (1.25%, 
~+), 259 (100), 215 (52, Ph2POCH2 ), and 201 (73, Ph2PO). 
E-l-Diphenylphosphinoyl-2-methylbut-2-ene (70). 
A solution of the phosphine oxide (69) (2.88 g) in 
trifluoroacetic acid (30 ml) was heated under reflux for 
1 h. After cooling to room temperature, the mixture was 
poured into excess water and extracted with 
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dichloromethane. The extract was washed with
 water, with 
saturated sodium hydrogen carbonate soluti
on and with 
brine, dried over Mgso4 and the solvent re
moved to give a 
white solid (a 2:1 mixture of diastereoisomers by 
integration of the 
1H n.m.r. doublets at 3.05 (~ 14 Hz, 
major) and 3.15 (~ 14 Hz, minor)). Repeated 
recrystallisation from ethyl acetate gave
 the olefin (70) 
(0.99 g, 37%) as needles, m.p. 121-122 ·c (from ethy
l 
acetate) (Found: C, 75.7; H, 6.96; P, 11.25. c17H19
oP 
requires c, 75.6; H, 7.04; P, 11.48%), vmax. (CDC1 3 ) 
1 440 
(Ph-P) and 1 180 cm-l (P=O), 6H(CDC1 3 ) 7.9-7.3 (lOH,
 m, 
Ph2PO), 5.4-5.0 (lH, m, C=CH), 3.
1 (2H, d, ~ 14 Hz+ 
allylic coupling, CH2P), 1.7-1.6 (3H, m, c~3C=CH) 
and 1.5 
(3H, t, J 6 Hz+ allylic coupling), c~3CH) (Found:
~+, 
270.1168. c17H19oP requires~' 270
.1174), !!!;'~ 270 (24%, 
~+) and 202 (100, Ph2POH). 
(1R2R, 1S2S)-3-Diphenylphosphinoyl-l,2-dimethylprop
an-l-ol 
(71) • 
Diborane (7 ml of a lM solution in THF) was added d
ropwise 
to a stirred solution of the phosphine oxi
de (816) (2.0 g) 
in THF (40 ml). stirring was continued for a furth
er 18 h 
and the mixture then quenched with hydroge
n peroxide 
solution (100 vol, 10 ml) and with 10% sodium hydr
oxide 
solution (10 ml). Extraction with dichloromethane, 
washing 
of the extract with water and with brine, 
drying over Mgso4 
and evaporation under reduced pressure gav
e an off-white 
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solid. Recrystallisation from ethyl acetate gave the 
alcohol (71) (1.4 g, 66%) as prisms, m.p. 102-104 °c, 
(Found: C, 71.06; H, 7.53; P, 10.49. c 17H21o 2P requires c, 
70.83; H, 7.29; P, 10.76%), Vmax~(CDCl3) 3 350 (OH), 1 440 
(Ph-P), and 1 180 cm-1 (P=O), OH(CDC1 3 ) 7.9-7.3 (lOH, m, 
Ph2Po), 3.8 (lH, br s, OH), 3.6 (lH, quintet,~ 6Hz, 
CH-0), 
2.8-1.4 (3H, m, CHCH2P), 1.15 (3H, d, ~ 6Hz, cg3CH-O), and 
0.95 (3H, d, ~ 7Hz, cg3CHCH2) (Found:~+, 288.1279. 
c 17H21o 2P requires~' 288.1261), !!!f~ 288 (2.3%, ~+), 202 
(100, Ph2POH). 
4-Diphenylphosphinoylhept-1-ene (74). 
n-Butyllithium (32.5 ml of a 1.6M solution in hexane) was 
added dropwise to a stirred solution of n-butyl-
diphenylphosphine oxide (11.4 g) in THF (70 ml). The 
resulting solution was cooled to -78 °Cina cardice-
ethanol bath while ally! bromide (5.88 g) was added via a 
syringe. The mixture was then allowed to warm to room 
temperature overnight (18 h) and quenched with saturated 
ammonium chloride solution. Extraction with 
dichloromethane followed by washing of the extract with 
water and with brine, drying over Mgso4 and removal of the 
solvent under reduced pressure gave a pale yellow solid. 
Recrystallisation form ethyl acetate-hexane gave the olefin 
(74) (11.0 g, 84%) as needles, m.p. 144-145 °C (from ethyl 
acetate) (Found: c, 76.4; H, 7.78; P, 10.4. c 19H23 oP 
requires c, 76.5; H, 7.72; P, 10.4%), gF (ethyl acetate) 
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0.2, Vmax.(CDC1 3 ) 1 635 (C=C), 1 440 (Ph-P) and 1 180 cm-l 
(P=O), 6H(CDC1 3 ) 8.1-7.3 (lOH, m, Ph2PO), 6.1-5.6 (lH, m, 
CH=C), 5.1-4.8 (2H, m, CH2=C), 2.7-2.2 (3H, m, C=CHC~2C~P), 
2.0-1.0 (4H, m, CH2 CH2 ), and 0.8 (3H, t, ~ 7 Hz, CH3 ) 
(Found:~+, 298.1469. c19H23oP requires~' 298.1486), ~~ 
298 (29%, ~+), 202 (100, Ph2POH) and 135 (32). 
4-Diphenylphosphinoylheptan-2-ol (76). 
THF (10 ml) was added to a stirred solution of mercury (II) 
acetate (3.14 g) in water (10 ml). To the resulting yellow 
suspension was added the olefin (74) (2.93 g) in THF 
(10 ml) and the mixture stirred for 10 min. 2M Sodium 
hydroxide solution (10 ml) was added followed by sodium 
borohydride (190 mg) in 2M sodium hydroxide solution 
(10 ml). After 5 min, brine was added to saturate the 
aqueous layer and the mixture extracted with 
dichloromethane. The extract was washed with water and 
with brine, dried over Mgso4 and the solvent removed under 
reduced pressure. The residue was recrystallised from 
ethyl acetate to give the alcohol (76, 1:1 mixture of 
diastereoisomers) (2.8 g, 90%) as needl~s, m.p. 147-148 °C 
(from ethyl acetate), ~F (ethyl acetate) 0.22, Vmax. (CDCl3) 
3 350 (OH), 1 600 (Ph), 1 440 (Ph-P) and 1 180 cm-1 (P=O), 
c5H(CDC1 3 ) 8.0-7.3 (lOH, m, Ph2PO), 5.2 and 4.4 (lH, d, J 3 
Hz and d , J 5 Hz , OH), 5.1- 4.8 and 4.1-3.7 (lH, m, C~OH), 
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3.1-2.4 (lH, m, CHP), 2.1-1.1 (6H, m, methylene envelope), 
1.1 and 1.05 (3H, d, ~ 5 Hz, c~3CH) and 0.9-0.6 (3H, m, 
c~3cH2 ) (Found:~+, 316.1600. c 19H25o 2P requires~' 
316.1592), !!!,/~ 316 (40%, ~+), 229 (64), and 202 (100, 
Ph2 POH). 
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erythro-2-Diphenylphosphinoyl-l-phenylbutan-1,4-diol (81). 
n-Butyllithium (27.2 ml of a 1.6M solution in hexane) was 
added to a stirred solution of the alcohol (59) (2.0 g) in 
THF (50 ml) cooled to -78 °Cina Cardice-ethanol bath. 
Stirring was continued for 1 hand the resulting dark red 
dianion solution quenched by the addition of benzaldehyde 
(2.06 ml). The mixture was allowed to warm too 0 c over 
4 h, quenched with water and extracted with 
dichloromethane. Purification by flash chromatography on 
silica gel eluting with ethyl acetate and removal of 
solvent under reduced pressure gave a solid which was 
repeatedly recrystallised from ethyl acetate to give the 
dial (81) (1.94 g, 69%) as needles, m.p. 149.5-150 °c (from 
ethyl acetate) (Found: c, 72.3; H, 5.98; P, 8.37. 
c 22H23o3P requires C, 72.1; H, 6.28; P,
 8.47%), 
Vmax.(CDC1 3 ) 3 350 (OH), 1 440 (Ph-P), and 1 180 cm-l 
(P=O), 6H(CD30D) 8.2-7.2 (15H, m, Ph2PO and Ph), 5.15 (lH, 
dd, ~HH 3 and ~PH 9 Hz, CHO), 3.2-2.8 (lH, m, CHP) overlain 
by 3.0 (2H, t, ~ 7 Hz, CH20) and 2.3-1.5 (2H, m, C~2cH20H) 
(Found:~+, 365.1306. c 22H23o3P requires~' 365.1307), !!!/~ 
365 (10%, ~+)· , 260 (29), 229 (100, Ph2POHCH=CH2 ) and 202 
( 22, Ph2POH) . 
2-Diphenylphosphinoyl-2-methyl-l-phenylbutan-1,4-diol 
( 82) • 
n-Butyllithium (9 . 8 ml of a 1.6M solution in hexane) was 
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added to a stirred solution of the alcohol (63a) (2.0 g) in 
THF (40 ml) cooled to -78 ·c in a Cardice-ethanol bath. 
stirring was continued for 1 hand the resulting dark red 
dianion solution quenched by the addition of benzaldehyde 
(1 ml). The mixture was allowed to warm too ·cover 4 h, 
quenched with water and extracted with dichloromethane. 
Purification by flash chromatography on silica gel eluting 
with ethyl acetate and removal of solvent under reduced 
pressure gave the diol (82) (1.66 g, 60%) as a waxy 1:1 
mixture of diastereoisomers, gF (ethyl acetate) 0.19, 
Vmax. (CDCl3) 3 300 (OH), 1 440 (Ph-P) and 1 180 cm-
1 (P=O), 
OH(CDC1 3 ) 8.3-7.1 (15H, m, Ph2Po and Ph), 5.05 and 4.95 
(lH, two d, ~ 8 Hz, threo-CHO and~ 11 Hz, erythro-CHO 
respectively), 4.2 (2H, br s, OH's), 4.0-3.1 (2H, m, 
cg2oH), 2.2-1.s (2H, m, cg2cH20H), 1.3 and 1.05 (3H, tw
o d, 
~PH 17 Hz, threo-cH3 , and ~PH 17 Hz, erythro-CH3 
respectively) (Found:~+, 380.1558. c 23H25o 3P requires~' 
380.1541), !!!/~ 380 (2%, ~+), 243 (100, Ph2POC(CH3 )=CH2 ) and 
202 (26, Ph2POH). 
Attempted reaction of the dianion of (59) with aliphatic 
aldehydes. 
n-Butyllithium (12.5 ml of a 1.6M solution in hexane) was 
added to a stirred solution of the alcohol (59) (2.6 g) in 
THF (50 ml) cooled to -78 ·c in a Cardice-ethanol bath. 
Stirring was continued for 1 hand the resulting dark red 
dianion solution quenched by the addition of propanal 
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(670 mg). The mixture was allowed to warm to
o 0 c over 
4 h, quenched with water and extracte
d with 
dichloromethane. Purification by fla
sh chromatography on 
silica gel eluting with ethyl acetate
 and removal of 
solvent under reduced pressure gave a
 solid (2.0 g) which 
was shown to be starting material (59) by 
1H n.m.r. 
Quenching the dianion solution with n-heptana
l similarly 
led only to starting material on work
-up. 
l-Trimethylsilyloxy-3-diphenylphosphin
oylbutane (91). 
n-Butyllithium (5.3 ml of a 1.6M solution in h
exane) was 
added to a stirred solution of phosph
ine oxide (63a) 
(2.1 g) in THF (40 ml) cooled in an ice-salt b
ath. 
Stirring was continued for 15 min, the
n a solution of 
chlorotrimethylsilane (920 mg) in THF (5 ml) w
as added in 
one portion and the mixture allowed t
o stir for 36 min. 
Water (50 ml) was then added and the mixture 
extracted with 
dichloromethane. The combined extrac
ts were washed with 
water, dried over Mgso4 , filtered and
 concentrated under 
reduced pressure to give an oil. Re
crystallisation from 
ethyl acetate gave the silyl ether (91) (2.25 
g, 85%) as a 
waxy solid, gF (ethyl acetate) 0.61, vmax.(CDC
1 3) 1 440 
(Ph-P), 1 255 (SiMe3) and 1 180 cm-
1 (P=O), OH(CDC1 3) 8.1-
7.4 (lOH, m, Ph2PO), 3.7 (2H, dt, ~ 9 and 3 H
z, CH20Si), 
2.9-2.5 (lH, m, . CHP), 2.2-1.4 (2H, m, C,!!2CHP)
, 1.2 (3H, dd, 
~HH 7 and ~PH 17 Hz, CH3) and 0.0 (9H, s, SiM
e3) (Found: 
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~+, 346.1492. c19H27o2Psi requires~, 346.1518), !!!J~ 346 
(0.5%, ~+), 331 (36, ~+-cH3 ) and 201 (100, Ph2PO). 
Attempted alkylation of the anion of {91). 
n-Butyllithium (2.0 ml of a 1.6M solution in hexane) was 
added to a stirred solution of the phosphine oxide (91) 
(1.0 g) in THF (40 ml) cooled to -78 °c in a Cardice-
ethanol bath. After stirring for 10 min, the anion was 
quenched by the addition of benzaldehyde (360 mg) in THF 
(1 ml). stirring was continued for 1 h, the mixture 
quenched with saturated ammonium chloride solution and 
allowed to warm to room temperature. Extraction with 
dichloromethane, washing with water and with brine followed 
by drying over Mgso4 and removal of the solvent under 
reduced pressure gave an oil (820 mg) which was shown to be 
starting material by 1H n.m.r. 
Similarly, quenching with propanal gave only starting 
alcohol (91). 
l-(t-Butyldimethylsilyloxy)-3-diphenylphosphinoylpropane 
( 92) . 
A solution of the alcohol (59) (20 g), t-butyldimethylsilyl 
chloride (13.94 g) and imidazole (13.08 g) in dry 
dimethylformamide (40 ml) was stirred at room temperature 
for 18 h. Water was added and the mixture extracted with 
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dichloromethane. The extract was thoroughly wash
ed with 
water, dried over Mgso4 and the solvent removed
 under 
reduced pressure to give a waxy solid. Recrysta
llisation 
from ethyl acetate gave the silyl ether (92) (23.6 g, 82 %) 
as a waxy solid, vmax. (CDC1 3 ) 1 440 (Ph-P) and 1 180 cm-
1 
(P=O), OH(CDC1 3 ) 8.0-7.4 (lOH, m, Ph2Po), 3.65 (2H
, t, J 7 
Hz, CH20Si), 2.6-2.1 (2H, m, CH2P), 2.1-1
.5 (2H, m, 
CH2c~2cH2 ), 0.85 (9H, s, t-butyl) an
d 0.0 (6H, s, CH3 1 s) 
(Found:~+, 374.1837. c 21H31o 2Psi requires~, 374.1831), 
~~ 374 (5%, ~+), 317 (100, M+-t-butyl), and 201 (10, 
l-t-Butyldimethylsilyloxy-3-diphenylphosphinoylde
can-4-ol 
(93a). 
n-Butyllithium (1.3 ml of a 1.6M solution in hexane) was 
added to a stirred solution of the phosphine oxid
e (92) 
(710 mg) in THF (40 ml) cooled to -78 °Cina Cardice-
ethanol bath. After stirring for 10 min, the ani
on was 
quenched by the addition of heptanal (217 mg) in THF 
(1 ml). Stirring was continued for 1 h, the mixture 
quenched with saturated ammonium chloride solutio
n and 
allowed to warm to room temperature. Extraction 
with 
dichloromethane, washing with water and ·with brin
e followed 
by drying over Mgso4 and removal of the s
olvent under 
reduced pressure gave the crude alcohol (93a, a 1:1 mixture 
• 13 
of diastereoisomers by inspection of the C n.m
.r. 
spectrum) (852 mg, 92%) as a waxy solid, OH(CDC1 3 ) 8.0-7.2 
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(lOH, m, Ph2PO), 3.8-3.2 (3H, m, CH20Si and C~OH), 3.0-2.6 
(lH, m, CHP), 2.2-0.9 (13H, m, methylene envelope and OH) 
overlain by 0.9 (9H, s, tBu), 0.85 (3H, t, ~ 7 Hz, c~3cH2), 
o.o and -0.05 (6H, twos, SiMe2) ,· 6c(coc13) 70.1 and 70.0, 
(CHOH), 60.18 and 60.2 (CHOSi), 40.1 and 37.0 (PCH, d, ~CP 
70 Hz). 
l-t-Butyldimethylsilyloxy-3-diphenylphosphinoylhexan-4-ol 
( 93b) . 
n-Butyllithium (1.8 ml of a 1.6M solution in hexane) was 
added to a stirred solution of the phosphine oxide (92) 
(l.O g) in THF (40 ml) cooled to -78 ·c in a cardice-
ethanol bath. After stirring for 10 min, the anion was 
quenched by the addition of propanal (115 mg) in THF 
(1 ml). Stirring was continued for 1 h, the mixture 
quenched with saturated ammonium chloride solution and 
allowed to warm to room temperature. Extraction with 
dichloromethane, washing with water and with brine followe
d 
by drying over Mgso4 and removal of the solvent
 under 
reduced pressure gave the crude alcohol (93b, a 1:1 mixture 
of diastereoi~omers by 13c n.m.r.) (1.10 g, 95%) as a waxy 
solid, OH (CDCl3) 8.0-7.2 (lOH, m, Ph2PO), 3.9-3.2 (3H, m, 
CH2osi and C~OH)' 3.0-2.6 (lH, m, CHP), 
2.2-1.4 (4H, m, 
CH2 1 s) overlain by 2.0 (lH, br s, 
OH), 0.9 (9H, s, tBu), 
0.9 (3H, t, ~ 7Hz, C~3cH2 ), o.o and -o.os (6H, two 
s, 
SiMe2), OC(CDC1 3) 70.3 and 70.2 (CHOH), 60
.19 and 60.16 
(CHOSi), 40.1 and 37 . 0 (PCH, two d, ~CP 70 and 73 Hz). 
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4-t-Butyldimethylsilyloxy-2-diphenylphosphinoyl-l-
phenylbutan-l-ol (93c). 
n-Butyllithium (0.95 ml of a 1.6M solution in hexane) was 
added to a stirred solution of the phosphine oxide (92) 
(520 mg) in THF (30 ml) cooled to -78 ·c in a cardice-
ethanol bath. After stirring for 10 min, the anion was 
quenched by the addition of benzaldehyde (220 mg) in THF 
(1 ml). Stirring was continued for 1 h, the mixture 
quenched with saturated ammonium chloride solution and 
allowed to warm to room temperature. Extraction with 
dichloromethane, washing with water and with brine followed 
by drying over Mgso4 and removal of the solvent under 
reduced pressure gave the crude alcohol (93c, a 1:1 mixture 
of diastereoisomers by 13c n.m.r.) (634 mg, 95%) as a waxy 
solid, OH(CDC1 3) 8.3-7.2 (15H, m, Ph2Po and Ph), 5.3-4.9 
(lH, m, C~OH), 3.7-3.5 (2H, m, CH20Si), 3.0-2.6 (lH, m, 
CHP), 2.2-1.7 (2H, m, CHC~2CH2) overlain by 1.9 (lH, br s, 
OH), 0.9 (9H, s, tBu), o.o and -0.05 (6H, twos, SiMe2), 
0C(CDC1 3) 70.4 and 70.1 (CHOH), 60.2 (CHOSi), 40.l and 37.0 
(CHP, two d, ~CP 68 Hz). 
3-Diphenylphosphinoylpropyl acetate (97a). 
A solution of acetyl chloriae (790 mg) in pyridine (10 ml) 
was added dropwise to a solution of the phosphine oxide 
(59) (2.6 g) in pyridine (15 ml) with magnetic stirring 
under an atmosphere of nitrogen. Stirring was continued at 
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room temperature for 15 min and the reaction mixt
ure then 
poured into saturated ammonium chloride solution 
(100 ml). 
The mixture was extracted with dichloromethane an
d the 
combined extracts washed with water and dried ove
r Mgso4 . 
The solvent was removed under reduced pressure on
 a water 
bath to give the ester (97a) (2.8 g, 93%) as a waxy solid, 
gF (ethyl acetate) 0 . 20, vmax. (CDC1 3) 1 720 (C=O), 1 440 
(Ph-P), and 1 180 cm-l (P=O), DH(CDC1 3) 8.0-7.3 (lOH, m, 
Ph2PO), 4.1 (2H, t, ~ 6 Hz, CH2-0), and 2.7-1.7 (4H, m, 
CH2CH2P) overlaid by 2.0 {3H, s, C
H 3 ) (Found:~+, 
302.1070. c17H19o3P requires~' 302.107
1), ~~ 302 (0.08%, 
~+), 259 (85), 242 (83, Ph2POC(CH3)=CH2), 215 (100, 
Ph2POCH2), and 201 (80, Ph2PO). 
3-Diphenylphosphinoylpropyl propanoate (97b). 
n-Butyllithium (4.6 ml of a 1.6M solution in hexane) was 
added dropwise to a stirred solution of phosphine
 oxide 
(59) (1.75 g) in THF cooled too ·c in an ice/salt bath 
until a permanent orange colour was formed. Stir
ring was 
continued for 5 min and a solution of propionyl c
hloride 
(623 mg) in THF (10 ml ) wa s added . After a further 15 min 
the THF was removed under reduced pressure and th
e residue 
dissolved in dichloromethane . The extract was w
ashed with 
water and with brine, dried over Mgso4 and the so
lvent 
r emoved unde r r educed pressure t o give the ester 
(97b) 
(2.0 g, 93%) as an oil, gF (ethyl acetat e ) 0 . 19 , 
Vmax. {CDC1 3) 1 720 {C=O), 1 440 {Ph- P), and 1 
185 cm-l 
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{P=O), OH{CDCl3) 7.8-7.2 {lOH, m, Ph2PO), 4.0 {2
H, t, ~ 6 
Hz, CH20), 2.4-1.5 {4H, m, CH2
1 s) overlain by 2.1 {2H, q, J 
8 Hz, CH2Me), and 0.9 {3H, t, ~ 8 Hz, Me
) {Found:~+-
CH2cH2co, 259.0901. C19H2103P require
s ~-CH2CH2CO, 
259.0898), !!!/~ 259 {0.84%, ~+), 242 {30, Ph2POC{C
H3 )=CH2 ), 
215 {25, Ph2POCH2), 201 {23, Ph2PO), and 56 {100
, 
CH2CH2CO) . 
3-Diphenylphosphinoylpropyl benzoate {97c). 
A solution of benzoyl chloride (1.5 g) in pyridi
ne {15 ml) 
was added to a solution of the phosphin
e oxide {59) (2.6 g) 
in pyridine {20 ml) with magnetic stirring under
 an 
atmosphere of nitrogen. stirring was 
continued at room 
temperature for 1.7 h, and the reaction
 mixture then poured 
into a vigorously stirred solution of 1
0% ammonium chloride 
solution {200 ml). After 2 h the precipitate wa
s filtered 
off, washed with water and dried under 
reduced pressure. 
Recrystallisation from ethyl acetate g
ave the ester {97c) 
{3.35 g, 92%) as needles, m.p. 127-128.5 °c, {Fo
und: c, 
72.4; H, 5.69; P, 8.53. c22H21o3P requ
ires C, 72.5; H, 
5.77; P, 8.52%), gF {ethyl acetate) 0.30, vmax. {
CDC1 3 ) 
1 715 {C=O), 1 440 {Ph-P) and 1 180 crn-l ' {P=O), 
0H{CDC1 3 ) 
8.2-7.3 {15H, rn, Ph2PO and Ph), 4.4 {2H, t, ~ 
7 Hz, C~2-0), 
and 2.7-1.9 {4H, in, CH2CH2P) {Found: ~+, 364.12
34. 
c22H21o3P require
s~' 364.1228), !!!/~ 364 {0.83%, ~+), 259 
{100, ~-PhCO), 201 {67, Ph2PO), and 105 {76, PhC
O) . 
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3-Diphenylphosphinoylbutyl benzoate (97d). 
A solution of benzoyl chloride (0.9 g) in pyridine (10 ml) 
was added to a solution of the phosphine oxide (63a) (1.57 
g) in pyridine (15 ml) with magnetic stirring under an 
atmosphere of nitrogen. Stirring was continued at room 
temperature for 1.5 hand the reaction mixture then poured 
into saturated ammonium chloride solution (100 ml). The 
mixture was extracted with dichloromethane and the combined 
extracts washed with water and dried over Mgso4 . The 
solvent was removed under reduced pressure on a water bath 
and then under high vacuum (18 h) to give a sticky solid. 
Recrystallisation from ethyl acetate gave the ester (97d) 
(1.84 g, 85%) as needles, m.p. 133-134 °C, (Found: c, 73.3; 
H, 6.36; P, 7.94. C23H2303P requires c, 73.0; H, 6.08; P, 
8.20%), gF (ethyl acetate) 0.31, vmax.(CDC1 3 ) 1 710 (C=O), 
1 440 (Ph-P), and 1 180 cm-1 (P=O), 6H(CDCl3) 8.2-7.3 (15H, 
m, Ph2PO and Ph), 4.45 (2H, dd, ~ 5 and 7 Hz, C~2~0), 2.9-
2.5 (lH, m, CHP), 2.5-1.6 (2H, m, c~2CHP), and 1.3 (3H, dd, 
~PH 17 and ~HH 7.5 Hz, CH3 ) (Found:~+, 378.1380. 
c23H23o 3P requires~' 378.1385), !!!f~ 378 (0.46%, M+), 256 
(56), 230 (73-, Ph2POCH2CH3), and 201 (100, Ph2PO). 
l-Phenyl-3-diphenylphosphinoylpentyl benzoate (97e). 
n-Butyllithium (5.3 ml of a 1.6M solution in hexane) was 
added dropwise to a stirred solution of phosphine oxide 
(63b) (2.85 g) in THF (40 ml) cooled too °C in an ice/salt 
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J 
bath until a permanent orange colour was formed. stirring 
was continued for 5 min and a solution of benzoyl chloride 
(1.1 g) in THF (20 ml) was added. After a further 15 min 
the THF was removed under reduced pressure and the residue 
was extracted with dichloromethane. The extract was washed 
with water and with brine, dried over Mgso4 and the solvent 
removed under reduced pressure to give a waxy solid. 
Recrystallisation from ethyl acetate gave the ester (97e) 
(2.5 g, 68%) as prisms, m.p. 129-131 °C (s. 119 °C) (from 
ethyl acetate), gF (ethyl acetate) 0.24, vmax.(CDC1 3 ) 1 720 
(C=O), 1 600 (Ph), 1 440 (Ph-P), and 1 180 cm-l (P=O), 
6H(CDC1 3 ) 8.1-7.0 (20H, m, Ph2PO and Ph's), 5.8 (lH, t, J 7 
Hz, CH-0), 2.5-1.2 (5H, m, CHP and CH2 1 s) overlaid by 1.0 
(3H, t, ~ 7 Hz, CH3) (Found:~+, 468.1848. C30H2903P 
requires~' 468.1855), ~~ 468 (0.34%, ~+), 363 (96, M+-
PhCO), 229 (94, Ph2POCH2CH2 ), and 202 (100, Ph2POH). 
l-Phenyl-3-diphenylphosphinoylpropyl cyclopropylcarboxylate 
(97f). 
n-Butyllithium (4.1 ml of a 1.6M solution in hexane) was 
added dropwise to a stirred solution of phosphine oxide 
(63d) (2.0 g) in THF (30 ml) cooled to O °C in an ice/salt 
bath until a permanent orange colour was formed. Stirring 
was continued for 5 min and a solution of 
cyclopropylcarboxylic acid chloride (625 mg) in THF (10 ml) 
was added . After a further 15 min the THF was removed 
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under reduced pressure and the residue dissolved in 
dichloromethane. The dichloromethane layer was washed with 
water and with brine, dried over Mgso4 and the solvent 
removed under reduced pressure to give an oil. 
Recrystallisation from ethyl acetate gave the ester (97f) 
(1.93 g, 80%) as needles, m.p. 156-157 °c, (Found: c, 74.0; 
H, 6.19; P, 7.80. c25H25o3P requires C, 74.3; H, 6.19; P, 
7.67%), gF (ethyl acetate) 0.32, vmax. (CDC1 3) 1 720 (C=O), 
1 440 (Ph-P), and 1 180 cm-1 (P=O), OH(CDC1 3) 7.8-7.3 
(lOH, m, Ph2PO), 5.9-5.7 (lH, m, CH-0), 2.4-1.9 (4H, m, 
CH2CH2P), 1.8-1.5 (lH, m, COCH), and 1.1-0.7 (4H, m, 
cyclopropyl CH2 1 s) (Found: ~+-cyclopropyl-CO, 335.1198. 
C25H2503P requires ~-C3H5CO, 335.1201), !!!/~ 335 (80%, ~+-
C3H5CO), 201 (100, Ph2PO), and 69 (48, C3H5CO). 
l-Phenyl-3-diphenylphosphinoylpropyl benzoate (97g). 
n-Butyllithium (1.4 ml of a 1.6M solution in hexane) was 
added dropwise to a stirred solution of phosphine oxide 
(63d) (0.7 g) in THF (20 ml) cooled too 0 c in an ice/salt 
bath until a -permanent orange colour was formed. Stirring 
was continued for 5 min and a solution of benzoyl chloride 
(293 mg) in THF (10 ml) was added. After a further 15 min 
the THF was removed under reduced pressure and the residue 
dissolved in dichloromethane. The extract was washed with 
water and with brine, dried over Mgso4 and the solvent 
removed under reduced pressure to give a waxy solid. 
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Recrystallisation from ethyl acetate - hexane gave 
the 
ester (97g) (680 mg, 74%) as needles, m.p. 193-194 oc, 
(Found: c, 75.9; H, 5.62; P, 6. 81. c28H25o 3P requires c, 
76.4; H, 5.68; P, 7. 05%) , gF (ethyl acetate) 0.29, 
Vmax. (CDCl3) 1 720 (C=O), 1 440 (Ph-P), and 1 180 cm-
1 
(P=O), OH(CDC13 ) 8.1-7.2 (15H, m, Ph2Po and Ph), 6
.1-5.9 
(lH, m, OCH), 2.5-2.2 (4H, m, CH2 1 s) (Found:~+, 440.1544. 
c28H25o 3P requires~' 440.
1572), !!!f~ 440 (0.64%, ~+), 335 
(100, ~+-PhCO), and 201 (29, Ph2PO). 
3-Diphenylphosphinoylbutyl heptanoate (97h). 
n-Butyllithium (4.9 ml of a 1.6M solution in hexane) was 
added dropwise to a stirred solution of phosphine
 oxide 
(63e) (2.0 g) in THF (30 ml) cooled too °C in an ice/salt 
bath until a permanent orange colour was formed. 
stirring 
was continued for 5 min and a solution of heptano
yl 
chloride (1.09 g) in THF (10 ml) was added. After a 
further 15 min the THF was removed under reduced 
pressure 
and the residue dissolved in dichloromethane. Th
e extract 
was washed with water and with brine, dried over 
Mgso4 and 
the solvent removed under reduced pressure to giv
e the 
ester (97h) (2.53 g, 90%) as an oil, gF (ethyl acetate) 
0.20, Vmax.(CDCl3) 1 720 (C=O), 1 590 (Ph), 1 440 (Ph-P), 
and 1 180 cm-1 (P=O), OH(CDC1 3 ) 7.9-7.4 (lH, m, Ph2PO), 4.9 
(lH, sextet,~ 6 Hz, OCH), 2.5-1.0 (23H, m, CH2
1 s) overlain 
by 1.2 (3H, d, ~ 6 Hz, C~3CH), 0.9 (3H, t, ~ 5 Hz, C~3CH2) 
(Found: M+, 386.2033. c23H31o 3P requires~+, 386.2010), 
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!!!f~ 386 (0.63%, ~+), 273 (100, ~+-c6H13co), and 201 
(42, 
Ph2PO). 
3-Diphenylphosphinoyl-5-hydroxypentan-2-one
 (lOOa). 
To a stirred solution of diisopropylamine 
(919 mg) in THF 
(10 ml) cooled to O · c in an ice/salt bath was added
 
dropwise a solution of n-butyllithium (5.59 ml of a 
1.6M 
solution in hexane). Stirring was continued at o •c
 for 15 
min and the solution then cooled to -78 · c
 in a Cardice-
ethanol bath. The resulting solution of l
ithium 
diisopropylamide was added via a double-en
ded needle over a 
period of 5 min to a stirred solution of th
e ester (97a) 
(2.29 g) in THF (40 ml) cooled to -78 · c. Stirring 
was 
continued for 15 min and the mixture quench
ed with 
saturated ammonium chloride solution. The
 solution was 
allowed to warm to room temperature, the T
HF removed under 
reduced pressure and the residue dissolved
 in 
dichloromethane. Drying over Mgso4 and re
moval of the 
solvent under reduced pressure gave an oil
 which was 
purified by flash chromatography on silica
 gel eluting with 
acetone to give the ketone (lOOa) (1.9 g, 83%) as an
 oil, 
gF (ethyl acetate) 0.20, vmax. (CDC1 3) 3 500 (OH), 1 
700 
(C=O), 1 440 (Ph-P) and 1 180 cm-
1 (P=O), , 6H(CDCl3) 8.1-7.3 
(lOH, m, Ph2PO), 4.3-3.4 (2.5H, m, cg20H and PCHC=O 
open 
form),3.1-2.7 (0.5H, m, PCHC-0 closed form), 2 .. 7-1.5
 (2H, 
m, cg2cHP) overlaid by 2.1 (2H, 
s, CH3C=O open form) and 
1.2 (lH, s, CH3c-o closed form) (Found: M
+, 302.1077. 
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c17H19o 3P requires~' 302.1072
), !!!f~ 302 (0.18%, ~+), 284 
+ (20, ~ -H20), 259 (37, ~-CH2CH20), and 201 (100, Ph2PO). 
3-Diphenylphosphinoyl-l-hydroxyhexan-4-one (lOOb). 
n-Butyllithium (4.6 ml of a 1.6M solution in hexane) was 
added dropwise to a stirred solution of diisoprop
ylamine 
(1.10 ml) in THF (18 ml) cooled too •c in an ice/salt 
bath. The resulting solution was stirred at room
 
temperature for 15 min, cooled to -78 · c, and add
ed via a 
double-ended cannula to a stirred solution of ph
osphine 
oxide (97b) (2.0 g) in THF (40 ml) cooled to -78 ·c. 
Stirring was continued for 20 min, the mixture q
uenched 
with saturated ammonium chloride solution (20 ml) and 
allowed to warm to room temperature. The solven
t was 
removed under reduced pressure and the residue ta
ken up in 
dichloromethane. The organic extract was washed
 with water 
and with brine, dried over Mgso4 and the solvent
 removed 
under reduced pressure to give a pale yellow sol
id. 
Recrystallisation form ethyl acetate - hexane ga
ve the 
ketone (lOOb)" (1.46 g, 73%) as needles, m.p. 160-161 ·c, 
(Found: c, 68.6; H, 6.75; P, 9.70. c18H21o 3P requires c, 
68.4; H, 6.65; P, 9.81%), gF (ethyl acetate) 0.20, 
vmax. (CDC1 3) 3 350 (OH), 1 710 (C=O), 1 440 (P
h-P), and 
1 180 cm-l (P=O), OH(CDC1 3) 7.9-7.3 (lOH, m, Ph2PO), 4.35 
(2H, t, ~ 9Hz, CH20), 2.8-2.1 (lH, m, CHP), 2.6 (2H, dt, ~ 
9 and 1 Hz , C~2CHP), 2 . 35 (2H, q, ~ 7 Hz, CH2CO),
 1.9 (lH, 
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broad s, OH), 1.0 (3H, t, ~ 7Hz, Me) (Found:
 !:!+-H2o, 
298.1130. c18H21o 3P requires !:!-H2
o, 298.1122), !!!I~ 298 
(100%, !:!+-H20), and 201 (67, Ph2PO). 
2-Diphenylphosphinoyl-4-hydroxy-l-p
henylbutan-l-one (lOOc). 
To a solution of diisopropylamine (0.14 ml) 
in THF (10 ml) 
was added dropwise n-butyllithium (0.6 ml o
f a 1.6M 
solution in hexane) with stirring. Stirring
 was continued 
for a further 20 min at room temper
ature and the mixture 
added to a stirred solution of the 
phosphine oxide (97c) 
(300 mg) in THF (20 ml) cooled to -78 °Cin
a Cardice-
ethanol bath. After a period of 1.5
 hours, the mixture was 
quenched with saturated ammonium ch
loride solution and 
allowed to warm to room temperature
. The THF was removed 
under reduced pressure and the resid
ue dissolved in 
dichloromethane, washed with water 
and with brine. Drying 
over Mgso4 and removal of t
he solvent under reduced 
pressure gave a waxy solid which wa
s recrystallised from 
chloroform - ethyl acetate to give 
the ketone (lOOc) 
(287 mg, 95%) as needles, m.p. 138-141 °C (F
ound: c 71.7; 
H, 5.33; P, 8.59. c22H21o3P re
quires C, 72.5; H, 5.77; P, 
8.52%), gF (ethyl acetate) 0.13, vmax. (CDC
1 3) 3 340 (OH), 
1 440 (Ph-P) and 1 180 cm-
1 (P=O), OH(CDC1 3) 8.1-6.9 (15H, 
m, Ph2PO and Ph), 5.0 (0.5H, dd
d, ~PH 17 Hz, ~HHa 9 and 
~HHb 3 Hz, CHP open form), 4.5 (2H, t, J 9 
Hz, C~20H), 3.9-
3.3 (2/2H, m, c~2CHP closed form), 2.8 (l/2H
, dt, ~PH 10 
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and ~HH 3 Hz, PCHC-0, closed form), and 2.7-1.8 (2/2
H, m, 
cg2cHP open form) (Found:~+, 36
4.1233. c 22H21o 3P require
s 
~' 364.1228), !!!/~ 364 (0.59%, ~+), 345 (36, ~-H2o), 320 
(42, ~-CH2CH20H), and 202 (100, Ph2POH). 
2-Diphenylphosphinoyl-4-hydroxy-2-methyl-
l-phenylbutan-l-
one (lOOd). 
To a stirred solution of diisopropylamine 
(224 mg) in THF 
(10 ml) cooled to O · c in an ice/salt bath was added
 
dropwise a solution of n-butyllithium (1.4 ml of a 
1.6M 
solution in hexane). stirring was continued at o •
c for 15 
min, and the solution then cooled to -78 ·
c in a cardice-
ethanol bath. The resulting solution of l
ithium 
diisopropylamide was added via a double-en
ded needle over a 
period of 1 min to a stirred solution of t
he ester (97d) 
(700 mg) in THF (20 ml) cooled to -78 · c. Stirring 
was 
continued for 15 min and the mixture quenc
hed with 
saturated ammonium chloride solution. The
 solution was 
allowed to warm to room temperature, the T
HF removed under 
reduced pressure and the residue dissolved
 in 
dichloromethane. Drying over Mgso4 and re
moval of the 
solvent under reduced pressure gave an oil
. 
Recrystallisation from ethyl acetate-petr
ol gave the ketone 
(lOOd) (574 mg, 82%) as needles, m.p. 148-149 ·c (Fo
und: c, 
73.15; H, 6.14; P, 7.99. c 23H23 o 3P requi
res C, 73.0; H, 
6.08; P, 8.20%), gF (ethyl acetate) 0.19, vmax.(CDC
1 3 ) 
3 250 (OH), 1 420 (Ph-P), and 1 240 cm-l (P=O) , 6H(C
DC1 3 ) 
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8.1-6.9 (15H, m, Ph2PO and Ph), 4.5-4.0 (2H, m, cg20H), 4.2 
(lH, br s, OH), 3.5-2.9 (lH, m, cgAHBCP), 1.9-1.5 (lH, m, 
CHAgBCP), and 1.2 (3H, d, ~PH 17 Hz, CH3 ) (Found:~+, 
378.1388. c23H23o3P requires ~, · 378.1385), !!!J~ 378 (0.28%, 
~+), 243 (69, ~-CH2CH20H), 201 (75, Ph2PO), and 105 (100, 
PhCO). 
2-Diphenylphosphinoyl-l-cyclopropyl-4-hydroxy-4-
phenylbutan-l-one (lOOe). 
n-Butyllithium (2.7 ml of a 1.6M solution in hexane) was 
added dropwise to a stirred solution of diisopropylamine 
(0.62 ml) in THF (18 ml) cooled to -78 ·c in an ice/salt 
bath. The resulting solution was stirred at room 
temperature for 15 min, cooled to -78 ·c, and added via a 
double-ended cannula to a stirred solution of phosphine 
oxide (97f) (1.5 g) in THF (40 ml) cooled to -78 · c. 
Stirring was continued for 1 h, the mixture quenched with 
saturated ammonium chloride solution and allowed to warm to 
room temperature. The solvent was removed under reduced 
pressure and the residue taken up in dichloromethane. The 
organic extract was washed with water and with brine, dried 
over Mgso4 and the solvent removed under reduced pressure 
to give an oil. Recrystallisation from ·ethyl acetate -
hexane gave the ketone (lOOe) (1.1 g, 73%) as an oil, 
6H(CDCl3) 8.0-7.0 (15H, m, Ph2PO and Ph), 5.5 (lH, dd, ~PH 
10 and ~HH 8.5 Hz), 3.3-1.9 (4H, m, CH2CHPCOCH), 2.0 (lH, 
br s, OH) and 1 . 2-0.5 (4H, m, cyclopropyl CH2 1 s) (Found: 
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~+-H2o, 386.1409. c25H25
o 3P requires ~-H2o, 
386.1436), !!!/~ 
386 (10.69%, ~+-H20), and 202 (100, Ph2POH). 
4-Diphenylphosphinoyl-2-hydroxyundeca
n-5-one (lOOf). 
n-Butyllithium (5.35 ml of a 1.6M solution in
 hexane) was 
added dropwise to a stirred solution 
of diisopropylamine 
(1.20 ml) in THF (18 ml) cooled too °C in an
 ice/salt 
bath. The resulting solution was sti
rred at room 
temperature for 15 min, cooled to -78
 °C, and added via a 
double-ended cannula to a stirred so
lution of phosphine 
oxide (97h) (2.8 g) in THF (40 ml) cooled to 
-78 °c. 
Stirring was continued for 20 min, th
e mixture quenched 
with saturated ammonium chloride solu
tion and allowed to 
warm to room temperature. The solve
nt was removed under 
reduced pressure and the residue take
n up in 
dichloromethane. The organic extrac
t was washed with water 
and with brine, dried over Mgso4 and 
the solvent removed 
under reduced pressure to give an oi
l. Recrystallisation 
form ethyl acetate gave the ketone (lOOf) (2.
23 g, 80%) as 
needles, m.p. 122-123 °C, (Found: c, 71.5; H,
 7.91; P, 
(ethyl acetate) 0.18, vmax. (CDC1 3 ) 3 350 (OH)
, 1 710 (C=O), 
1 440 (Ph-P), and 1 175 cm-
1 (P=O), OH(CDC1 3 ) 8.1-7.3 (lOH, 
m, Ph2PO), 4.6-3.5 (lH, m, CH
-0), 3.2-0.9 (16H, m; other 
H's) overlaid by 1.7 (lH, br s, OH) and 0.85 
(3H, t, ~ 5 
+ . 
Hz, c~3cH2 ) (Found:~, 386.2
020. c 23H31o 3P requires 
386.2010), !!!/~ 386 (0.05%, ~+), 368 (22, ~-H2
o), 229 (100, 
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3-Benzoyl-3-diphenylphosphinoylpropyl benzoate (101). 
Benzoyl chloride (21 mg) was added to a stirred solution of 
the alcohol (100c) (50 mg) in pyridine (5 ml) at room 
temperature. Stirring was continued for 90 min and th
e 
solution poured into saturated ammonium chloride solu
tion 
and stirred vigorously for 1 h. The precipitate was 
filtered off, washed with water and dried under reduc
ed 
pressure. Recrystallisation from ethyl acetate gave
 the 
ester (101) (55 mg, 85%) as needles, m.p. 147-148 °C (from 
ethyl acetate) (Found: C, 74.1; H, 5.49; P, 6.59. 
c 29H25o 4P requires c, 74.4;
 H, 5.34; P, 6.62%), 
Vmax. (CDC1 3 ) 1 715 (C=O), 1 700 (C=O), 1 440 (Ph-
P) and 
1 180 cm-l (P=O), 6H(CDC1 3 ) 8.1-7.1 (15H, m, Ph2Po and Ph), 
5.0-4.6 (lH, ddd, ~ 3, 10 and 13 Hz, cgPCH2), 4.4-4.2 (2H, 
m, CH2o) and 3.1-2.0 (2H, m, cg2cHP) (Fo
und~+, 468.1505. 
c 29H25o 4P requires~' 468.1
519), !!!J~ 468 (1%, ~+), 346 
(27), 320 (32) and 201 (100, Ph2PO). 
4-Benzoylbutyl benzoate (127). 80 
A mixture of dibenzoylmethane (896 mg), 3-chloropropan-1-ol 
(1.42 g), potassium carbonate (560 mg) and sodium iodide 
(800 mg) in acetone (40 ml) was heated under reflux for 4 
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days. The solvent was removed under reduc
ed pressure and 
the residue dissolved in chloroform (100 ml). Mgso4 
was 
added and the mixture was filtered. Conce
ntration of the 
filtrate gave an oil which was purified by
 column 
chromatography on silica gel eluting with 
1:1 benzene-
cyclohexane to give the benzoate (127) (665 mg, 59%) 
whose 
1H n.m.r. and i.r. spectra were identical w
ith those 
published. 78 
Attempted rearrangement of (127) with LDA. 
n-Butyllithium (3 ml of a 1.6M solution in hexane) w
as 
added to a stirred solution of diisopropyla
mine (470 mg) in 
dry THF (10 ml) cooled in an ice-salt bath. Stirrin
g was 
continued for 15 min, and 1.37 ml of the re
sulting solution 
were then transferred to a stirred solutio
n of benzoate 
(127) (120 mg) in THF cooled to -78 °Cina cardice-
ethanol 
bath. After a further 30 min stirring, th
e mixture was 
quenched with saturated ammonium chloride 
solution and 
extracted with dichloromethane. The extra
ct was washed 
with water, dried over Mgso4 and concentra
ted under reduced 
pressure to give an oil (100 mg), the 
1H n.m.r. spectrum of 
which showed it to be unreacted starting m
aterial (127). 
4-Diphenylphosphinoylbutyl benzoate (134). 
A solution of benzoyl chloride (4.89 g) in pyridine 
(20 ml) 
was added dropwise to a solution of the ph
osphine oxide 
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(138) (9.53 g) in pyridine (50 ml) with magnetic stir
ring 
under an atmosphere of nitrogen. Stirring
 was continued at 
room temperature for 2 hand the reaction 
mixture then 
poured into saturated ammonium chloride so
lution (100 ml). 
The mixture was extracted with dichlorometh
ane and the 
combined extracts washed with water and dr
ied over Mgso4 . 
The solvent was removed under reduced pres
sure on a water 
bath to give a yellow oil. Trituration wi
th sodium dried 
diethyl ether followed by removal of the s
olvent under high 
vacuum gave a waxy solid which was recryst
allised from 
ethyl acetate - diethyl ether to give the 
ester (134) 
(11.97 g, 92%) as needles, m.p. 106-107 ·c, gF (eth
yl 
acetate) 0.32, (Found: C, 72.9; H, 5.89; P, 7.96. 
c23H23o3P require
s C, 73.0; H, 6.08; P, 8.20%), 
Vmax.(CDCl3) l 710 (C=O), 1 440 (Ph-P), 1 280 (s) an
d 1 180 
cm-1 (P=O), OH(CDC1 3) 8.0-7.3 (lOH, m, Ph2Po), 4.3
 (2H, t, 
~ 6 Hz, CH20), 2.6-2.1 (2H, m, CH2P), 2.1
-1.5 (4H, m, other 
CH2 1 s) (Found: !:!+, 378.1358. c23
H23o 3P requires!:!, 
378.1384), !!!f~ 378 (0.56%, !:!+) , 257 (100), and 201 (
48, 
Ph2PO). 
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Triphenylphosphine hydrobromide (135). 
Hydrogen bromide gas from a lecture bot
tle was bubbled 
through a sinter into a vigorously stirr
ed solution of 
triphenylphosphine (26 g) in ether (250 ml) with 
cooling in 
an ice bath. After 10 min, the solution
 was flushed with 
nitrogen, the precipitate filtered off, 
washed with ether 
and dried in a desiccator over silica ge
l under vacuum to 
give the hydrobromide (135) (34 g, 100%) as a wh
ite 
amorphous solid. 
4-Diphenylphosphinoylbutanoic acid (136). 
An intimate mixture of triphenylphosphi
ne hydrobromide 
(135) (17.15 g) prepared as described above and g
amma-
butyrolactone (4.3 g) was heated in an oil bath t
o 180 °c 
for 5 h. The resulting solid was allowe
d to cool to room 
temperature, 30% sodium hydroxide soluti
on (150 ml) added 
and the mixture heated under reflux for 
3 h. After cooling 
to room temperature, the solution was c
arefully acidified 
with lOM hydrochloric acid and extracted
 with 
dichloromethane. The extract was washed
 with water and 
with brine, dried over Mgso4 and evapor
ated under reduced 
pressure to give an oil. Recrystallisa
tion from ethyl 
acetate-methanol gave the acid (136) (9.1 g, 63%)
 as 
needles, m.p. 158-159 °C (from ethyl acetate-meth
anol) 
(lit., 52 m.p. 155-156 °C), OH(CDCl3) 10.8 (lH, b
r s, OH), 
8.0-7.3 (lOH, m, Ph2PO) , 2.6-2.2 (4H, m, CH2P an
d CH2CO) 
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Methyl 4-diphenylphosphinoylbutanoate (137). 
A solution of the acid (136) (5.76 g) and trimethylsilyl 
chloride (4.8 g) in methanol (40 ml) was stirred under 
nitrogen for 18 h. Methanol was removed under reduce
d 
pressure to give an oil which was purified by flash 
chromatography on silica gel eluting with ethyl acet
ate. 
Evaporation under reduced pressure gave a yellow soli
d 
which was recrystallised from ethyl acetate to give t
he 
ester (137) (4.1 g, 68%) as needles, m.p. 138-139 °c, 
Vmax. (CDCl3) 1 730 (C=O), 1 440 (Ph-P), 1 180 (P=O) and 
1 120 cm-1 (s), 6H(CDCl3) 7.9-7.4 (lOH, m, Ph2PO), 3.6 (3H, 
s, CH3), 2.45 (2H, t, ~ 6 Hz, CH2Co), and 2.5
-1.6 (4H, m, 
4-Diphenylphosphinoylbutan-1-ol (138). 
Lithium aluminium hydride (500 mg) was added to a stirred 
solution of the ester (137) (2.5 g) in THF (40 ml). The 
mixture was heated under reflux for 2 h, cooled to ro
om 
temperature and excess lithium aluminium hydride dest
royed 
by the careful addition of ethyl acetate. Water (40 ml) 
was added and the mixture extracted with dichlorometh
ane. 
The extract was .washed with water and with brine, dri
ed 
over Mgso4 and evaporated under re
duced pressure to give 
the alcohol (138) (1.6 g, 71%) as an oil, gF (ethyl 
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acetate) 0.13, vmax.(CDC1 3) 3 350 (OH), 1 440 (Ph-P), and 
1 170 cm-l (P=O), H(CDC1 3) 7.9-7.0 (lOH, m, Ph2PO), 3.3 
(2H, t, ~ 6Hz, CH20), 2.6-1.3 (6H, m, CH2CH2CH2P). 
2-Diphenylphosphinoyl-5-hydroxy-l-phenylpentan-1-one (139). 
n-Butyllithium (7.41 ml of a 1.6M solution in hexane) was 
added dropwise to a stirred solution of diisopropylamine 
(1.67 ml) in THF (18 ml) cooled too ·c in an ice/salt 
bath. The resulting solution was stirred at room 
temperature for 15 min, cooled to -78 ·c, and added via a 
double-ended cannula to a stirred solution of phosphine 
oxide (134) (3.8 g) in THF (40 ml) cooled to -78 ·c . 
Stirring was continued for 1 h, the mixture quenched with 
saturated ammonium chloride solution and allowed to warm to 
room temperature. The solvent was removed under reduced 
pressure and the residue taken up in dichloromethane. The 
organic extract was washed with water and with brine, dried 
over Mgso4 and the solvent removed unde
r reduced pressure 
to give an oil. Recrystallisation form ethyl acetate gave 
the ketone (139) (2.7 g, 71%) as needles, m.p. 105.5-108 · c 
(from ethyl ~cetate) (Found: c, 73.1; H, 6.28; P, 8.00. 
c23H23o3P requires C, 73.0; H
, 6.08; P, 8.20%), gF (ethyl 
acetate) O .19, vmax. (CDC1 3) 3 350 (OH), , 1 700 (C=O) , 1 440 
(Ph-P), and 1 185 cm-1 (P=O), 6H(CDCl3) 8.0-7.0 (15H, m, Ph 
and Ph2PO), 4.7 (lH, ddd, ~PH 16, ~HH 10 and 4 Hz, 
CHP), 
3.5 (2H, t, J 6 Hz, CH20), 2.7 (lH, br s, OH), 2.5-1.9 (2H, 
m, C!faCHP), 1.8-1.3 (2H, m, C!faCH20) (Found: ~+-H2o, 
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360.1279. c 23H23o3P requires ~-H2o, 360.1
279), !!!J~ 360 
(0.93%, ~+-H2o), 202 (86, Ph2POH), 105 (74, PhCO), and 7
7 
+ (100, Ph). 
Diphenylvinylphosphine oxide (52). 
Method (a). Vinyl magnesium bromide (20 ml of a lM 
solution in THF) was added over a period of 20 min to a 
stirred solution of diphenylphosphinoyl chloride
 (4 g) in 
THF (25 ml) cooled to -78 °Cina Cardice-ethanol bath. 
Stirring was continued at this temperature for a 
further 
30 min and the mixture then poured into chilled 
saturated 
ammonium chloride solution and extracted with ch
loroform. 
The extract was washed with 2M sodium hydroxide 
solution, 
water and with brine, dried over Na2so4 and evap
orated. 
The residue was recrystallised from toluene-hexan
e to give 
the phosphine oxide (801) (3.0 g, 78%) as needles, · m.p. 
116-117 °C (lit., 49 m.p. 117-118 °C), 6H(CDC13) 7.9-7.4 
(lOH, m, Ph2PO), and 7.2-5.9 (3H, m, olefinic 
H's). 
Method (b). Xylene (50 ml) was deoxygenated by the passage
 
of dry nitrogen through a sintered bubbler for 3
0 min. 
Chlorodiphenylphosphine (1.2 g) was added and the solution 
cooled to -10 °c in a Cardice-ethanol bath. The
 solution 
was stirred while ethylene oxide (0.72 g) was passed into 
the solution over a period of 30 min in a stream
 of carrier 
nitrogen. Stirring was continued for a further 
30 min, 30% 
sodium hydroxide solution (50 ml) was added and the mixture 
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heated under reflux for 2 h. On cooling to ro
om 
temperature the xylene layer was separated an
d the aqueous 
layer extracted with toluene. The organic so
lutions were 
combined, dried over Mgso4 and concentrated u
nder reduced 
pressure to give a white solid. Recrystallis
ation from 
toluene gave diphenylvinylphosphine oxide (52) (0.94 g, 
74%) identical to that obtained by method (a). 
l-Pyrrolidinylcyclohex-1-ene (146). 
A solution of cyclohexanone (29.4 g) and pyrrolidine 
(28.4 g) in benzene (150 ml) was heated under reflux in 
an 
apparatus equipped with a Dean-Stark trap for
 7 h. The 
benzene and excess pyrrolidine were removed a
t water pump 
pressure and the residue distilled under redu
ced pressure 
to give the enamine (146) (36.2 g, 80%) as a colourless 
liquid, b.p. 81-82 ·c;1 mm Hg (lit.,
53 b.p. 76-
77 ·c;o.5 mm Hg), 6H(CDCl3) 4.4-4.2 (lH, m, C=CH)' 3.1 
(4H, 
t, ~ 7 Hz, CH2N) and 2.5-1.5 (8H, m, other CH2
1 s). 
l-Pyrrolidinylcyclooct-1-ene (147). 
A solution of cyclooctanone (7.37 g) and pyrrolidine 
(7.37 g) in toluene (150 ml) was heated . under reflux in 
an 
apparatus equipped with a Dean-Stark trap for
 48 h. The 
benzene and excess pyrrolidine were removed a
t water pump 
pressure and the residue distilled under redu
ced pressure 
to give the enamine (147) (8.27 g, 79%) as a colourless 
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liquid, b.p. 80-82 ·c;o.15 mm Hg (lit.,
152 b.p. 76-
78 °C/l mm Hg), OH(CDC1 3 ) 4.5-3.3 (lH, m, CH=C), 3.2-2.8 
(4H, m, CH2NCH2 ), and 2.9-0.9 (16H, m, other
 CH2
1 s). 
2-(2-Diphenylphosphinoylethyl)-cyclohexanone (148). 
A solution of vinyldiphenylphosphine oxide (2.71 g) and l-
pyrrolidinyl-cyclohex-1-ene (146) (1.80 g) in dry 1,4-
dioxane (20 ml) was heated under reflux for 120 h. The 
solution was cooled, acidified with dilute hydro
chloric 
acid and extracted with dichloromethane. The ex
tract was 
washed with water and with brine, dried over Mgs
o4 and the 
solvent removed under reduced pressure to give a
n orange 
oil. Flash chromatography on silica eluting wi
th acetone 
gave, on removal of solvent a pale yellow oil w
hich was 
recrystallised twice from ethyl acetate to give 
the ketone 
(148) (2.71 g, 70%) as prisms, m.p. 109-110 ·c (from ethyl 
acetate) (Found: c, 73.6; H, 7.05; P, 9.19. C20H2302P 
requires c, 73.6; H, 7.06; P, 9.51%), Vmax. (CDCl3) 1 700 
(C=O) I 1 440 (Ph-P), and 1 180 cm-
1 (P=O), 6H(CDC1 3 ) 8.0-
7.3 (lOH, m, Ph2PO) and 2.8-1.1 (13H, m, remainin
g H's) 
(Found:~+, 326.1421. c 20H23o 2P requires~' 326.1435), ~~ 
326 (24%, ~+), 215 (100, Ph2POCH2) and 202 (46, Ph2POH). 
3-Diphenylphosphinoylpropyl 4-methylbenzenesulph
onate 
( 14 9) • 
n-Butyllithium (4.7 ml of a 1.6M solution in hexane) was 
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added to a stirred solution of phosphine oxide (59) 
(1.83 g) in THF (50 ml) cooled to -5 °c in an ice-salt 
bath. A solution of p-toluene sulphonyl chloride (1.47 g) 
in THF (10 ml) was then added and the mixture allowed to 
stir for 30 min. Water (100 ml) was added and the mixture 
was extracted with dichloromethane. The combined extracts 
were washed with water, dried over Mgso4 and concentrated 
under reduced pressure to give the sulphonate (149) (2.9 g, 
99%) as a waxy solid, 6H(CDC1 3 ) 7.8-7.2 (14H, m, Ph2Po and 
Ph), 4.1 (2H, t, ~ 6 Hz, CH20), 2.4 (3H, s, CH3) and 2.4-
1.8 (4H, m, remaining CH2 1 s). 
l-Diphenylphosphinoyl-3-iodopropane (150). 
A solution of the alcohol (59) (5 g) in concentrated 
hydriodic acid (50 ml) was heated under reflux for 19 h. 
The mixture was cooled, poured into excess water and 
extr.acted with dichloromethane. The extract was washed 
with water and with saturated sodium thiosulphate solution, 
dried over Na2so4 and evaporated under re
duced pressure to 
give the iodide (150) (7.0 g, 98%) as a white solid turning 
yellow on exposure to air, m.p. 138-140 °C, gF (ethyl 
acetate) 0.3, 6H(CDCl3) 7.9-7.3 (lOH, m, Ph2PO), 3.3-3.l 
(2H, t, ~ 6 Hz, CH2I) and 2.6-1.1 (4H, ~' CH2CH2P) (Found: 
~+, 369.9959. c 15H16IOP requires~' 369.9983), !!!/~ 370 
(0.3%, ~+), 243 (100,~+-I), 215 (66), 201 (73, Ph2PO). 
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Cyclohexanone cyclohexylimine (151). 
A solution of cyclohexanone (15 g) and cyclohexylamine 
(15 g) in benzene (120 ml) was heated under reflux in an
 
apparatus equipped with a Dean-stark trap for
 24 h. Excess 
benzene was removed on a rotary evaporator an
d the residue 
distilled under reduced pressure to give the 
imine (151) 
(22.1 g, 81%) as a liquid which solidified on cooling, b
.p. 
82-83 °C/0 .3 mm Hg (lit., 93 136 °C/15 mm Hg). 
Cyclooctanone cyclohexylimine (152). 
A solution of cyclooctanone (5 g) and cyclohexylamine (5
 g) 
in benzene (50 ml) was heated under reflux in an apparat
us 
equipped with a Dean-Stark trap for 24 h. Ex
cess benzene 
was removed on a rotary evaporator and the re
sidue 
distilled under reduced pressure to give the 
imine (152) 
(6.24 g, 76%) as a liquid, b.p. 110-113 °C/3 mm Hg (lit.
, 94 
b.p. 85 °C/0.3 mm Hg) . 
2-(3-Diphenylphosphinoylpropyl)-cyclohexanone (153). 
n-Butyllithium (5.83 ml of a 1.6M solution in hexane) w
as 
added to a stirred solution of diisopropylami
ne (1.46 ml) 
in THF (20 ml) cooled too °C in an ice - salt bath. Th
e 
mixture was stirred for 15 min and then cycloh
exanone 
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cyclohexylimine (151) (1.56 g) in THF (2 ml) added dropwise 
via a syringe. Stirring was continued for a further
 
20 min and the solution of anion so prepared then add
ed via 
a double ended cannula to a stirred solution of phosp
hine 
oxide (150) (3.22 g) in THF (25 ml) cooled too 
0 c. After 
30 min at this temperature, the reaction mixture was 
quenched with dilute hydrochloric acid and extracted 
with 
dichloromethane. The extract was washed with water a
nd 
with brine, dried over Mgso4 and the solvent remove
d under 
reduced pressure. The residue was purified by flash 
chromatography on silica gel eluting with acetone to
 give a 
white solid. Recrystallisation from ethyl acetate ga
ve the 
ketone (153) (2.04 g, 69%) as needles, m.p. 101-103 °C 
(Found: C, 74.0; H, 7.44; P, 9.07. c21H25o 2P requires c, 
74.1; H, 7.35; P, 9.12%), Vmax. (CDCl3) 1 700 (C=O), 1 440 
(Ph-P), and 1 180 cm-1 (P=O), 6H(CDCl3) 7.9-7.3 (lOH, m, 
Ph2PO) and 2.4-1.0 (15H, m, other H's) 
(Found:~+, 
340.1594. c21H25o 2P requires~' 340.159
2), ~~ 340 (17%, 
~+), 241 (56), 215 (95), and 202 (100, Ph2POH). 
2-(3-Diphenylphosphinoylpropyl)-cyclooctanone (154). 
n-Butyllithium (6.06 ml of a 1.6M solution in hexane) was 
added to a stirred solution of diisopropylamine (1.52 ml) 
in THF (20 ml) cooled too 0 c in an ice - salt bath. The 
mixture was stirred for 15 min and then cyclooc:tanone 
cycloh exylimine (152) (1 . 87 g) added dropwise via a 
syringe . Stirring was conti nued for a further 20 min
 and 
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the solution of anion so prepared was then added via a 
double ended cannula to a stirred solution of phosphine 
oxide (150) (3.35 g) in THF (25 ml) cooled too 0 c. After 
30 min at this temperature, the reaction mixture was 
quenched with dilute hydrochloric acid and extracted with 
dichloromethane. The extract was washed with water and 
with brine, dried over Mgso4 and the solvent removed under 
reduced pressure. The residue was purified by flash 
chromatography on silica eluting with acetone to give a 
white solid. Recrystallisation from ethyl acetate gave the 
ketone (154) (2.36 g, 71%) as prisms, m.p. 133-134 °C, 
(Found: C, 75.27; H, 8.05; P, 8.44. c23H29o 2P requires c, 
75.0; H, 7.88; P, 8.42%), Vmax.(CDCl3) 1 700 (C=O), 1 440 
(Ph-P), and 1 180 cm-1 (P=O), 6H(CDCl3) 7.9-7.3 (lOH, m, 
Ph2PO) and 2.7-0.9 (19H, m, other H's) (Found:~+, 
368.1913. c23H29o 2P requires~, 368.1905), ~~ 368 (7.1%, 
~+), 215 (51, Ph2POCH2), and 202 (100, Ph2POH). 
Attempted Michael reaction of l-pyrrolidinylcyclooct-1-ene 
with diphenylvinylphosphine oxide. 
A solution of diphenylvinylphosphine oxide (52) (2.28 g) 
and l-pyrrolidinylcyclooct-1-ene (147) (1.79 g) in 1,4-
dioxane (40 ml) was heated under reflux for 10 days. 
Acidification with 2M hydrochloric acid followed by 
extraction with dichloromethane gave only starting 
materials. 
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Preparation of a 1.3M solution of pertrifluoroacetic 
acid. 97 
Hydrogen peroxide (85% pure) (1.2 ·g) was added dropwise to 
a solution of trifluoroacetic anhydride (6.5 ml) in 
dichloromethane (15 ml) cooled too 0 c in an ice - salt 
bath. The mixture was stirred vigorously at this 
temperature until homogeneous and for a further 2 min at 
room temperature. 
7-(2-Diphenylphosphinoylethyl)-oxepan-2-one (155). 
3 ml of a 1.3M solution of pertrifluoroacetic acid prepared 
as described above was added to a stirred solution of the 
phosphine oxide (148) (500 mg) and disodium hydrogen 
phosphate (1 g) in dichloromethane (2.5 ml) cooled too °C 
in an ice - salt bath. Stirring was continued at this 
temperature for 15 min and then for a further 18 hat room 
temperature. The organic layer was washed with sodium 
hydrogen carbonate solution, with sodium sulphite solution 
and with water, dried over Mgso4 and the solvent removed 
under reduced pressure to give a glass. Recrystallisation 
from ethyl acetate gave the lactone (155) (425 mg, 81%) as 
a waxy solid, vmax.(CDC1 3) 1 720 (C=O), 1 440 (Ph-P) and 
1 180 cm-1 (P=O), 6H(CDCl3) 8.1-7.3 (lOH, m, Ph2PO), 4.5-
4.1 (lH, m, CH-0), 2.8-2.2 (4H, m, COCH2 and CH2P), and 
2.2-1.1 (8H, m, other CH2 1 s) (Found: M+, 342.1356. 
c20H23o3P requires~' 342.1385), !!!f~ 342 (0.68%, ~+), 285 
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(30), 272 (32), 215 (52, Ph2POCH2), and 202 (
100, Ph2POH). 
7-(3-Diphenylphosphinoyl)-oxepan-2-one (156).
 
5 ml of a 1.3M solution of pertrifluo
roacetic acid prepared 
as described above was added to a sti
rred solution of the 
phosphine oxide (153) (1.0 g) and disodium hy
drogen 
phosphate (2 g) in dichloromethane (5 ml) coo
led too 0 c in 
an ice - salt bath. Stirring was con
tinued at this 
temperature for 15 min and then for a
 further 18 hat room 
temperature. The organic layer was 
washed with sodium 
hydrogen carbonate solution, with sod
ium sulphite solution 
and with water, dried over Mgso4 and 
the solvent removed 
under reduced pressure to give an oi
l. Recrystallisation 
from ethyl acetate gave the lactone 
(156) (0.95 g, 91%) as 
needles, m.p. 105-107 °C (from ethyl acetate)
 (Found: c, 
70.76; H, 7.03. c21H25o 3P requires
 c, 70.79; H, 7.02%), 
Vmax.(CDC1 3 ) 1 720 (C=O), 1 590 (Ph), 
1 440 (Ph-P), and 
1 180 cm-1 (P=O), 6H(CDCl3) 7.9-7.3 (lOH, m, 
Ph2PO), 4.4-
4.0 (lH, m, CH-0), and 1.7-0.8 (14H, m, other
 H's) (Found: 
~+, 356.1541 .• c21H25o 3P requires~
, 356.1541), !!!f~ 356 
(3.5%, ~+), 215 (100, Ph2POCH2), and 202 (96, Ph2P
OH) . 
2-(Diphenylphosphinoyl)-4-hydroxycyclooctanon
e (158). 
n-Butyllithium (4.3 ml of a 1.6M solution in 
hexane) was 
added dropwise to a stirred solution 
of diisopropylamine 
(1.0 ml) in THF (18 ml) cooled to O °C in an 
ice/salt bath. 
- 152 -
The resulting solution was stirred at room temperature for 
15 min, cooled to -78 ·c, and added via a double-ended 
cannula to a stirred solution of phosphine oxide (155) 
(2.0 g) in THF (40 ml) cooled to ~78 ·c. stirring was 
continued for 20 min, the mixture quenched with saturated 
ammonium chloride solution (20 ml) and allowed to warm to 
room temperature. The solvent was removed under reduced 
pressure and the residue taken up in dichloromethane. The 
organic extract was washed with water and with brine, dried 
over Mgso4 and the solvent removed under reduced pressure 
to give an oil. Recrystallisation form ethyl acetate gave 
the phosphine oxide (158) (1.05 g, 53%) as needles, 
m.p. 108-110.5 ·c (from ethyl acetate, softening at 95 °C) 
(Found: C, 70.6; H, 6.69; P, 9.11. c 20H23 o3P requires C, 
70.2; H, 6.73; P, 9.06%), 6H(CDC1 3) 7.8-7.3 (lOH, m, 
Ph2PO), 4.4 (lH, dt, ~ 1.5 and 7.5 Hz, ocg), 3.15-3.0 (lH, 
m, peg), 2.6-2.4 (lH, m, PCHCgaCHb), 2.1-1.9 (lH, m, 
PCHCHacgb) and 1.9-1.1 (9H, m, methylene envelope and OH), 
vmax. (CDC1 3) 3 350 (OH), 1 130 and 980 cm-
1 (Found:~+, 
342.1392. c 20H23o3P requires~' 342.1385), ~~ 342 (0.7%, 
~+), 229 (100%) and 202 (88%, Ph2POH). 
2-(Diphenylphosphinoyl)-5-hydroxycyclononanone (160). 
n-Butyllithium (4.4 ml of a 1.6M solution in hexane) was 
added dropwise to a stirred solution of diisopropylamine 
(1.10 ml) in THF (18 ml) cooled to O •c in an ice/salt 
bath. The resulting solution was stirred at room 
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temperature for 15 min, cooled to -78 °c, and added via a 
double-ended cannula to a stirred solution of phosphine 
oxide (156) (2.0 g) in THF (40 ml) cooled to -78 °c. 
Stirring was continued for 20 min~ the mixture quenched 
with saturated ammonium chloride solution (20 ml) and 
allowed to warm to room temperature. The solvent was 
removed under reduced pressure and the residue taken up in 
dichloromethane. The organic extract was washed with water 
and with brine, dried over Mgso4 and the solvent removed 
under reduced pressure to give a pale yellow oil. 
Recrystallisation form ethyl acetate - hexane gave the 
ketone (160) (1.04 g, 52%) as a waxy solid, vmax. (CDC1 3) 
3 400 (OH), 1 705 (C=O), 1 440 (Ph-P) and 1 175 cm-l (P=O), 
6H(CDCl3) 7.9-7.2 (lOH, m, Ph2PO), 4.3-3.9 (lH, m, PCHCO), 
3.9-3.4 (lH, m, C~OH), and 2.7-1.1 (13H, m, methylene 
envelope and OH) (Found:~+, 356.1522. c21H25o3P requires 
~, 356.1541), !!!f~ 356 (0.9%, ~+), 229 (76), and 202· (100, 
Ph2 POH). 
threo-3-Diphenylphosphinoylpentan-1,4-diol (192a). 
Sodium borohydride (100 mg) was added in one portion to a 
stirred solution of the ketone (100a) (1.28 g) in methanol 
(30 ml). Stirring was continued for 2 hand the solvent 
then removed under reduced pressure. Water (30 ml) was 
added to the residue and the mixture extracted with 
dichloromethane. The extract was washed with water and 
with brine, dried over Mgso4 and the solvent removed under 
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reduced pressure to give a white solid (1.2 g, a 3:1 
mixture of diastereoisomers by integration of the lH n.m.r. 
doublets at 1.3 (~ 7 Hz, major) and 1.15 (~ 7 Hz, 
minor)). Recrystallisation from ethyl acetate gave the 
diol (192a) (770 mg, 66%) as needles, m.p. 166-168 °c (from 
ethyl acetate) (Found: c, 67.0; H, 6.69; P, 10.45. 
c 17H21o3P requires c, 67.1; H, 6.91;
 P, 10.20%), 
Vmax.(CDC1 3) 3 350 (OH), 1 440 (Ph-P) and 1 180 cm-l (P=O), 
0H(CD30D) 8.2-7.4 (lOH, m, Ph2PO), 4 . 4-3.9 (lH, m, CH-0), 
3.6 (2H, t, ~ 7Hz, cg20H), 3.2-2.5 (lH, m, CHP), 2.3-1.5 
(2H, m, cg2CHP), and 1.3 (3H, d, ~ 7Hz, CH3), !!!/~ 305 
(4.1%, ~+), 229 (86, Ph2POHCH=CH2), 202 (49, Ph2POH) and 
201 (49, Ph2PO). 
threo-3-Diphenylphosphinoylhexan-1,4-diol (192b). 
Sodium borohydride (53 mg) was added in one portion to a 
stirred solution of the ketone (lOOb) (440 mg) in methanol 
(25 ml). Stirring was continued for 2 hand the solvent 
then removed under reduced pressure. Water (10 ml) was 
added to the residue and the mixture extracted with 
dichloromethane. The extract was washed with water and 
with brine, dried over Mgso4 and the solvent removed under 
reduced pressure to give a white solid (440 mg, a 3:1 
mixture of diastereoisomers by integration of the 
13 c 
n.m.r. doublets at . 640.2 (~pc 70 Hz, major) and 037.1 
(~pc 70 Hz, minor)). Recrystallisation from ethyl acetate 
gave the diol (192b) as prisms, m.p. 194-195 °c (from ethyl 
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acetate) (Found: c, 67.6; H, 7.23; P, 9
.34. c 18H23 o 3P 
requires c, 67.9; H, 7.23; P, 9.7
5%), vmax. (CDC1 3 ) 3 350 
(OH), 1 440 (Ph-P) and 1 180 cm-l (P=O), 
6H(CD30D) 8.0-7.3 
(lOH, m, Ph2PO), 4.1-3 . 3 (3H, m, cg20H a
nd cgoH), 3.0-2.5 
(lH, m, CHP), 2.3-1.0 (4H, m, other CH2
1 s), and 0.9 (3H, t, 
~ 8Hz, CH3 ) (Found: !:!II+, 319.1449. c 18
H23 o 3P requires 
!:!II+, 319.1463), ~~ 319 (0.29%, !:!II+), 229 (100
, 
Ph2POHCHCH2) and 201 (77, Ph2PO). 
threo-2-Diphenylphosphinoyl-l-ph
enylbutan-1,4-diol (192c). 
Sodium borohydride (40 mg) was added in 
one portion to a 
stirred solution of the ketone (lOOc) (1
00 mg) in methanol 
(10 ml). Stirring was continued for 2 h
and the solvent 
then removed under reduced pressu
re. Water (10 ml) was 
added to the residue and the mix
ture extracted with 
dichloromethane. The extract wa
s washed with water and 
with brine, dried over Mgso4 and 
the solvent removed under 
reduced pressure to give a white 
solid. Recrystallisation 
from ethyl acetate gave the diol 
(192c) (92 mg, 92%) as 
ne edles , m. p . 198-199.5 •c (from ethyl a
cetate) (Found: C, 
72.0; H, 6 . 10 ; P, 8.69. c 22H23o 3
P requires C, 72.1; H, 
6.28 ; P , 8.47%) , gF (e t hyl acetate ) 0.1
4, vmax.(CDC1 3 ) 
3 350 (OH), 1 44 0 (Ph- P) and 1 180 cm-l 
. (P=O), 6H(CD30D) 
8 .1-7.2 ( 15H, m, Ph2Po a nd Ph) , 5 . 0 (lH,
 dd, ~PH 13Hz and 
~HH 7Hz, cg oH), 3.4-3. l (lH, m, CHP) ove
rlaid by 3 . 3 (2H , 
t , ~ 7Hz, cg2oH), and 2.2-1.4 (2H, m, cg2cH
P ) (Found : ~+ , 
366.1366. c 22H23o 3P requ
ires~' 366.1385), ~~ 366 ( 0 . 0 6%, 
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~+), 260 (30, ~+-PhCHO), 229 (100, Ph2POHCH=CH2 ), and 202 
(35, Ph2POH). 
threo-2-Diphenylphosphinoyl-2-methyl-l-phenylbutan-1,4-diol 
( 192d) . 
Sodium borohydride (30 mg) was added in one portion to a 
stirred solution of the ketone (lOOd) (208 mg) in methanol 
(10 ml) . Stirring was continued for 45 min and the solvent 
then removed under reduced pressure. Water (10 ml) was 
added to the residue and the mixture extracted with 
dichloromethane. The extract was washed with water and 
with brine, dried over Mgso4 and the solvent removed under 
reduced pressure to give a white solid (200 mg, a 3:1 
mixture of diastereoisomers by integration of the 1H n.m.r. 
doublets at 01.25 (~ 17Hz, major) and 01.15 (~ 17 Hz, 
minor)) . Recrystallisation from ethyl acetate gave the 
diol (192d) (159 mg, 75%) as needles, m.p. 178-179 °C 
(from ethyl acetate) (Found: c, 72.31; H, 6.64; P, 7.95. 
c 23H25o 3P requires C, 72.6; H, 6.58; P, 8.16%), ~F (ethyl 
acetate) 0.10, vmax.(CDC1 3 ) 3 350 (OH), 1 440 (Ph-P) and 
1 180 cm-l (P=O), 0H(CD30D) 8.4- 7.2 (15H , m, Ph2PO and Ph), 
5.05 (lH, d, ~PH 8Hz, CH-0), 3.6-3.2 (2H, m, CH2-0), 2.0-
1.5 (2H, m, c~2cH20H) and 1.25 (3H, d, ~PH 17Hz, CH3), !!!/~ 
332 (38), 318 (46), 243 (100, Ph2POH(CH3 )=CH2 ) , and 202 
(28 , Ph2POH) . 
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4-Diphenylphosphinoylundecan-2,5-diol (192e). 
Sodium borohydride (100 mg) was added in one portion to a 
stirred solution of the ketone (lOOf) (0.36 g) in methanol 
(25 ml). Stirring was continued for 2 hand the solvent 
then removed under reduced pressure. Water (10 ml) was 
added to the residue and the mixture extracted with 
dichloromethane. The extract was washed with water and 
with brine, dried over Mgso4 and the solvent removed under 
reduced pressure to give a white solid. Recrystallisation 
from ethyl acetate gave the diol (192e, presumed mixture of 
diastereoisomers) (200 mg, 56%) as needles, m.p. 164-165 ·c 
(from ethyl acetate) (Found: c, 70.9; H, 8.50; P, 8.22. 
c23H33o 3P requires c, 71.l; H, 8.51; P, 7.99%), 
Vmax. (CDC1 3 ) 3 350 (OH), l 440 (Ph-P) and l 180 cm-l (P=O), 
6H(CDC1 3 ) 8.0-7.3 (lOH, m, Ph2Po), 4.2-3.2 (2H, m, CH-0), 
3.2-2.4 (lH, m, CHP), 1.3-0.9 (12H, m, other CH2 1 s) 
overlaid by 1.7 (2H, br s, OH's) and by 1.1 (3H, d, J 
6.5Hz, C~3CH), and 0.9 (3H, t, ~ 5Hz, C~3CH2) (Found: M+-
H20, 370.2087. c23H33o 3P requires ~-H2o, 370.2062), ~~ 
370 (1.29%, ~+~H2o), 229 (100, Ph2POHCH=CH2 ), 202 (100, 
Ph2POH), 201 (98, Ph2PO) and 128 (62). 
threo-2~oiphenylphosphinoy1-1~phenylpentan-l,5-diol (209). 
Sodium borohydride (100 mg) was added in one portion to a 
stirred solution of the ketone (139) (0.50 g) in methanol 
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-(20 ml). Stirring was continued for 2 hand the solvent 
then removed under reduced pressure. Water (20 ml) was 
added to the residue and the mixture extracted with 
dichloromethane. The extract was washed with water and 
with brine, dried over Mgso4 and the solvent removed u
nder 
reduced pressure to give an oil which solidified under high
 
vacuum. Recrystallisation from ethyl acetate gave the dia
l 
(209) (327 mg, 65%) as needles, m.p. 137.5-139 · c (from 
ethyl acetate) (Found: c, 72.3; H, 6.62; P, 8.08. 
c 23H25o 3P requires c, 72.6; H
, 6.58; P, 8.16%), gF (ethyl 
acetate) 0.12, vmax.(CDC1 3 ) 3 350 (OH), 1 440 (Ph-P) and 
1 180 cm-l (P=O), 6H(CDC1 3 ) 7.9-7.0 (15H, m, Ph2PO and Ph), 
5.3-4.8 (3H, m, CHOH and OH), on co3oo exchange becoming 
4.9 (lH, dd, ~PH 14Hz and ~HH 7Hz), 3.3 (3H, t, J 6Hz, 
C~20H), 3.0-2.6 (lH, m, CHP), and 1.8-1.0 (4H, m, 
c~2c~2CHP) (Found:~+, 380.1555. c 23H25o 3
P requires~, 
380.1541), !!!/~ 380 (0.44%, ~+), 229 (74, Ph2POHCH=CH2 ), 202 
(85, Ph2POH), and 77 (100, Ph). 
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(Z-)-1-Phenylbut-l-ene-4-ol (196). 
Sodium hydride (100 mg of a 50% suspension in oil) was 
placed in a round bottom flask and freed from oil by 
decantation with pentane under nitrogen. Excess pentane 
was removed in a stream of nitrogen and the residue taken 
up in dry dimethylformamide (10 ml). Phosphine oxide (81) 
(250 mg) was added and the mixture stirred for 2 h. After 
this time a yellowish precipitate had formed. Water 
(40 ml) was added and the mixture was extracted with ether. 
The extract was washed with water and with brine, dried 
over Mgso4 and the ether removed under reduced pressure to 
give the olefin (196) (96 mg, 95%) as a liquid, vmax. (neat 
film) 3 320 (OH) and 795 cm-1 (C=C), 6H(CDCl3) 7.4-7.2 (5H, 
m, Ph), 6.6 (lH, d, ~ 12Hz + allylic coupling, Phcg=CH), 
5.7 (lH, dt, ~ 12 and 8 Hz, CH=CgcH2 ), 3.7 (2H, t, ~ 7Hz, 
cg2oH), 2.6 (2H, dt, ~ 7 and 8Hz, cg2cH20H), and 1.6 (lH, 
br s, OH) (Found:~+, 148.0896. c 10H12o requires~' 
148.0888), !!!/~ 148 (28.7%, ~+), 117 (100, PhCH=CHCH2 ), and 
91 (17, PhCH2 ). 
E-Hex-3-en-l-ol (210b). 
Sodium hydride (100 mg of a 50% suspension in oil) was 
placed in a round bottom flask and freed from oil by 
decantation with pentane under nitrogen. Excess pentane 
was removed in a stream of nitrogen and the residue taken 
up in dry THF (10 ml). Phosphine oxide (192b) (150 mg) was 
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added and the mixture stirred for 2 h. water (10 ml) was 
added and the mixture was extracted with ether. The 
extract was washed with water and with brine, dried over 
Mgso4 and the ether removed under reduced pressure to give 
the olefin (210b) (57 mg, 85%) as a liquid whose 1H and 13c 
spectra were indentical to those published.156 
(E-)-1-Phenylbut-l-ene-4-ol (210c). 
Sodium hydride (350 mg of a 50% suspension in oil) was 
placed in a round bottom flask and freed from oil by 
decantation with pentane under nitrogen. Excess pentane 
was removed in a stream of nitrogen and the residue taken 
up in dry dimethylformamide (20 ml). Phosphine oxide 
(192c) (830 mg) was added and the mixture stirred for 2 h. 
After this time an off-white precipitate had formed. Water 
(100 ml) was added and the mixture was extracted with 
ether. The extract was washed with water and with brine, 
dried over Mgso4 and the ether removed under reduced 
pressure to give the olefin (210c) (275 mg, 82%) as a 
liquid, vmax.(neat film) 3 325 (OH) and 970 cm-1 (C=C), 
OH(CDC1 3 ) 7.5-7.2 (5H, m, Ph), 6 . 5 (lH, d, ~ 17Hz, 
PhC~=CH), 6.2 (lH, dt, ~ 17 and 7Hz, CH=C~CH2), 3.7 (2H, t, 
~ 7Hz, C~20H), 2.5 (2H, q, ~ 7Hz, C~2CH20H), and 1.5 (lH, 
+ . M br s, OH) (Found:~, 148.0882. c10H12o requires_, 
148.0888), !!!/~ 148 (30.8, ~+), 117 (100, PhCH=CHCH2), and 
91 (26, PhCH2)• 
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E-2-Methyl-l-phenylbut-l-en-4-ol (210d). 
Sodium hydride (80 mg of a 50% dispersion in oil) was freed 
of oil by decantation from pentane· under nitrogen. Excess 
pentane was removed in a stream of nitrogen and the pure 
sodium hydride suspended in THF (10 ml). A solution of the 
phosphine oxide (192d) (152 mg) in THF (2 ml) was added and 
the mixture stirred at room temperature for 3 h. Water was 
added and the mixture extracted with ether. The extract 
was washed with water and with brine and dried over Mgso4 . 
Removal of the solvent under reduced pressure gave the 
olefin (210d) (52 mg, 80%) as a liquid, vmax. (CDC1 3 ) 3 350 
(OH), l 630 (C=C) and l 500 cm-1 (Ph), OH(CDC1 3 ) 7.4-7.2 
(5H, m, Ph), 6.4 (lH, br s, PhCH=C), 3.8 (2H, t, ~ 7Hz, 
C~20H), 2.45 (2H, t, ~ 7Hz, C~2C=CH), 1.9 (3H, s, CH3), 
and 
1.6 (lH, br s, OH), pre-irradiation of the vinylic proton 
at 06.4 gave a 5% positive n.O.e. to the signal at 2.45, 
(Found:~+, 162.1044. c11H14o requires~' 162.1044), ~~ 
16 2 ( 7 O % , ~+) , 13 2 ( l O O) and 91 ( 4 5) . 
Undec-4-en-2-ol (210e). 
Sodium hydride (150 mg of a 50% suspension in oil) was 
placed in a round bottom flask and freed from oil by 
decantation with pentane under nitrogen. Excess pentane 
was removed in a stream of nitrogen and the residue taken 
up in dry THF (10 ml). Phosphine oxide (192e) (388 mg) was 
added and the mixture stirred for 2 h. Water (10 ml) was 
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added and the mixture was extracted with ether. The 
extract was washed with water and with brine, dried over 
Mgso4 and the ether removed under red
uced pressure to give 
the olefin (210e) (140 mg, 82%) identified by its 
1H n.m.r. 
spectrum, OH(CDC1 3 ) 5.7-5.2 (2H, m, CH=CH), 4.9-4.6 (lH, m, 
cgoH), 2.2-1.8 (4H, m, allylic CH2 1 s), 1.8 (lH, br s, OH), 
1.7-1.0 (8H, m, methylene envelope) overlain by 1.2 (3H, d, 
J 7 Hz, cg3cH) and 0.9 (3H, distorted t, ~ 6.5 Hz, cg3cH2
). 
Completion of the Horner-Wittig reaction on (82). 
Sodium hydride (100 mg of a 50% dispersion in oil) was 
freed of oil by decantation from pentane under nitrogen. 
Excess pentane was removed in a stream of nitrogen and the 
pure sodium hydride suspended in THF (10 ml). A solution 
of the phosphine oxide (82) (160 mg of a 1:1 mixture of 
diastereoisomers) in THF (2 ml) was added and the mixture 
stirred at room temperature for 3 h. Water was added and 
the mixture extracted with ether. The extract was washed 
with water and dried over Mgso4 . Removal of the solvent 
under reduced pressure gave an oil. Purification by 
h.p.l.c. on silica gel eluting with ether gave ~-2-methyl-
1-phenylbut-1-ene-4-ol (197) (27 mg, 39%) as a liquid, 
Vmax. (CDC1 3 ) 3 350 (OH), 1 630 (C=C) and 1 500 cm-l (P
h), 
OH(CDC1 3 ) 7.5-7.2 (5H, m, Ph); 6.5 (lH, br s, P
hCH=C), 3.8 
(2H, t, J 7Hz, cg20H), 2.5 (2H, t, J 7Hz, cg2C=CH), 1.9 
(3H, s, CH3), and 1.5 (lH, br s, OH) (Found:~+, 162.1041. 
c 11H14o requires~, 162 . 104
4) , !!!f~ 162 (68%, ~+), 132 (100) 
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and 91 (52), 
and ~-2-methyl-l-phenylbut-1-en-4-ol (31 mg, 46%) as a 
liquid whose 1H n.m.r. and mass spectra were identical to 
those of (210d). 
E-1-Phenylpent-1-en-5-ol (218). 
Sodium hydride (100 mg of a 50% suspension in oil) was 
freed from oil by decantation with pentane under a nitrogen 
atmosphere. Excess pentane was removed in a stream of 
nitrogen and the residue was suspended in dry THF (10 ml). 
A solution of phosphine oxide (209) (120 mg) in THF (1 ml) 
was added and the mixture sirred for 2 h. Water (30 ml) 
was added and the mixture then extracted with ether. The 
extract was washed with water and with brine, dried over 
Mgso4 and the solvent removed under reduced pressure to 
give the olefin (218) (74 mg, 80%) as a liquid whose 1H 
n.m.r. spectrum was identical to that published. 157 
4-Diphenylphosphinoxy-2-methyl-l-phenylbut-1-ene (219). 
A solution of the phosphine oxide (82) (120 mg) was heated 
under reflux with trifluoroacetic acid (10 ml) for 50 min. 
The red coloured solution was quenched by the addition of 
saturated sodium hydrogen carbonate solution (50 ml) and 
the mixture extracted with dichloromethane. The extract 
was washed with water and with brine and the solvent 
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removed under reduced pressure to give an oil. 
Purification by h.p.l.c. on a silica gel column eluting 
with diethyl ether gave an oil (219) (20 mg, 17%) 
tentatively indentified by its n.~.r. spectrum, 6H(CDC1 3) 
8.1-7.1 (15H, m, Ph2PO and Ph), 6.4 (lH, br s, PhCH), 4.2 
(2H, q, ~HH=~PH 7Hz, CH20P), 2.6 (2H, t, ~ 7 Hz, c~2cH20) 
and 1.8 (3H, s, CH3)• 
Hydrolysis of (219) to give (210d). 
4M Sodium hydroxide solution (2 ml) was added to a stirred 
solution of the phosphinate (219) (20 mg) in ethanol 
(1 ml). The mixture was heated under reflux for 30 min, 
and allowed to cool to room temperature. Extraction with 
ether, washing with water and with brine, drying over Mgso4 
and removal of the solvent under reduced pressure gave an 
oil (8 mg, 90%) whose n.m.r. spectrum was identical to that 
of (210d). 
4-Diphenylphosphinoxy-1-phenylbutan-l-one (222). 
Sodium hydride (60 mg of a 50% suspension in oil) was freed 
from oil by repeated decantation from peritane. Excess 
pentane was removed in a stream of nitrogen and the residue 
suspended in THF (15 ml). A solution of phosphine oxide 
(100c) (230 mg) in THF (2 ml) was added and stirring 
continued for 1 h. Water was added and the mixture 
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extracted with dichloromethane. The extract was washed 
with water and with brine, dried over Mgso4 and the solvent 
removed under reduced pressure to give an oil. 
Purification by flash chromatography on silica gel eluting 
with ethyl acetate gave the phosphinate (222) (80 mg, 35%) 
as needles, m.p. 111.5-112 °C (from ethyl acetate) (Found: 
C, 72.71; H, 6.00; P, 8.49. c22H21o3P requires C, 72.5; H, 
5.77; P, 8.52%), 6H(CDC1 3) 8.0-7.3 (15H, m, Ph2Po and Ph), 
4.1 (2H, q, ~PH= ~HH 7 Hz, CH2c~20P), 3.1 (2H, t, ~ 7 Hz, 
CH2C=O) and 2.2 (2H, quintet,~ 7 Hz, C~2CH20P) (Found: 
+ . 
~, 364.1231. c22H21o3P requires M, 364.1228), !!!f~ 364 
+ (1.1%, ~ ), 219 (100, Ph2P(OH)2), 201 (29, Ph2PO) and 105 
( 33) , 
and cyclopropylphenylketone (224c) (32 mg, 35%). 
1-Diphenylphosphinoxyhexan-4-one (223). 
Sodium hydride (60 mg of a 50% suspension in oil) was freed 
from oil by repeated decantation from pentane. Excess 
pentane was removed in a stream of nitrogen and the residue 
suspended in THF (15 ml). A solution of phosphine oxide 
(100b) (200 mg) in THF (2 ml) was added and stirring 
continued for 1 h. Water was added and the mixture 
extracted with dichloromethane. The extract was washed 
with water and with brine, dried over Mgso4 and the solvent 
removed under reduced pressure to give an oil. 
Purification by flash chromatography on silica gel eluting 
with ethyl acetate gave the phosphinate (223) (85 mg, 43%) 
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as a waxy solid, vmax.(CDC1 3) 1 710 (C=O), 1 440 (Ph-P), 
1 230 (s) and 1 140 cm-1 (s), 6H(CDC1 3) 7.8-7.2 (lOH, m, 
Ph2PO), 3.95 (2H, q, ~HH=~PH 7 Hz, CH2c~20P), 2.5 (2H, t, 
Hz, COC~2CH2), 2.3 (2H, q, ~ 7 Hz, COC~2CH3) and 0.9 (3H, 
t, ~ 7 Hz, CH3) (Found:~+, 316.1241. c18H21o3P requires 
~' 316.1228), !!!/~ 316 (5%, ~+), 219 (100, Ph2P(OH)2), and 
201 (24, Ph2PO). 
Hydrolysis of phosphinate ester (222). 
4M Sodium hydroxide solution (10 ml) was added to a stirred 
solution of the phosphinate (222) (50 mg) in ethanol 
(1 ml). The mixture was heated under reflux for 30 min, 
and allowed to cool to room temperature. The solution was 
then extracted with ether, washed with water and with 
brine, dried over Mgso4 and removal of the solvent under 
. 1 . 
reduced pressure gave an oil (12 mg, 53%) whose H n.m.r. 
spectrum was identical to that of (238c). 
Hydrolysis of phosphinate ester (223) . 
4M Sodium hydroxide solution (10 ml) was added to a stirred 
solution of the phosphinate (223) (50 mg) in ethanol 
(1 ml). The mixture was heated under reflux for 30 min, 
and allowed to cool to room temperature. The resulting 
solution was extracted with ether, washed with water and 
with brine, and dried over Mgso4 . Removal of the solvent 
under reduced pressure gave an oil (15 mg, 82%) whose 1H 
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n.m.r. spectrum was identical to that of (238b). 
Cyclopropylmethylketone (224a). 
Potassium !-butoxide (186 mg) was added in one portion to a 
stirred solution of the phosphine oxide (lOOa) (250 mg) in 
t-butanol (20 ml). The solution was kept mobile by 
immersion in a bath of warm water as required. Stirring 
was continued for 2 hand the mixture then poured into 
water (50 ml) and extracted with ether. The extract was 
washed with water and with brine, dried over Mgso4 and the 
solvent removed under reduced pressure to give the ketone 
(224a) (56 mg, 81%) as a liquid with an n.m.r. spectrum 
identical to that reported in the literature,
162 OH(CDC1 3) 
2.2 (3H, s, CH3 ), 2.2-1.7 (lH, m, CH) and 1.2-0.7 (4H, m, 
CH2CH2 ). 
Cyclopropylethylketone 2,4-dinitrophenylhydrazone (224b). 
Potassium !-butoxide (70 mg) was added in one portion to a 
stirred solution of the phosphine oxide (lOOb) (100 mg) in 
t-butanol (15 ml). The solution was kept mobile by 
immersion in a bath of warm water as required. Stirring 
was continued for 2 hand then 2,4-dinitrophenylhydrazine 
(64 mg) added followed by 5 drops of concentrated sulphuric 
acid. The orange solution was left in the fridg~ at 2 ·c 
overnight and the resulting crystals filtered off, washed 
with a little cold methanol and dried in vacuo to give the 
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2,4-dinitrophenylhydrazone (224b) (89 mg, 100%) as needles, 
m.p. 158-160 ·c , lit. 163 m.p. 161-162 ·c . 
Cyclopropylphenylketone (224c). · 
Potassium ~-butoxide (307 mg) was added in one portion to a 
stirred solution of the phosphine oxide (lOOc) (500 mg) in 
t-butanol (15 ml). The solution was kept mobile by 
immersion in a bath of warm water as required. stirring 
was continued for 2 hand the mixture then poured into 
water (100 ml) and extracted with ether. The extract was 
washed with water and with brine, dried over Mgso4 and the 
solvent removed under reduced pressure to give the ketone 
(224c) (200 mg, 100%) as a liquid, vmax. (neat film) 1 665 
(C=O), 1 540 (s), 1 380 (s), and 1 220 cm-1 (s), OH(CDC1 3) 
8.2-7.1 (5H, m, Ph), 2.9-2.4 (lH, m, CH), 1.4-0.8 (4H, m, 
CH2cH2) (Found:~+, 146.0740. c 10H10o requires~' 
146.0732), !!!/~ 146 (11.8%, ~+), 122 (23), 105 (100, PhCO), 
77 ( 26, Ph) . 
l-Benzoyl-1-methylcyclopropane (224d). 
Potassium t-butoxide (118 mg) was added in one portion to a 
stirred solution of the phosphine oxide (100d) (200 mg) in 
t-butanol (10 ml). The solution was kept mobile by 
immersion in a bath of warm water as required. Stirring 
was continued for 2 hand the mixture then poured into 
water (100 ml) and extracted with ether. The extract was 
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washed with water and with brine, dried over Mgso4 
and the 
solvent removed under reduced pressure to give th
e ketone 
(224d) (77 mg, 91%) as a liquid, vmax.(CDC1 3 ) 1 670 (C=O), 
1 . 
and 910 cm- (s), 6H(CDC1 3 ) 8.0-7.3 (5H, m, Ph), 1.6-1.0 
(2H, m, cyclopropyl CH trans to Me) overlaid by 1.4 (3H, s, 
CH3), and 1.0-0.5 (2H, m, cyclopropyl 
CH cis to Me) (Found: 
~+, 160.0885. c11H12o requires~' 160.0889
), !!!f~ 160 
+ (44.7%, M ), 105 (100, PhCO), and 77 (45, Ph). 
trans-l-Cyclopropylcarbonyl-2-phenylcyclopropane 
(224e). 
Potassium ~-butoxide (170 mg) was added in one portion to a 
stirred solution of the phosphine oxide (lOOe) (300 mg) in 
t-butanol (15 ml). The solution was kept mobile by 
immersion in a bath of warm water as required. S
tirring 
was continued for 2 hand the mixture then poured
 into 
water (100 ml) and extracted with ether. The extract was 
washed with water and with brine, dried over Mgso4 
and the 
solvent removed under reduced pressure to give th
e ketone 
(224e) (138 mg, 99%) as a liquid, gF (ether) 0.9, 
vmax .(CDC1 3 ) 1 670 (C=O) and 1 605 cm-
1 (Ph), OH(CDC1 3 ) 
7.5-7.2 (5H, m, Ph), 2.8 (lH, ddd, ~HaHb(trans) 4.5, 
~HaHc(cis) 8.5 and ~HaHd(trans) 5.5 Hz, PhCHa), 2.4 (lH, 
ddd, ~HaHb 4.5, ~HbHc 6.5 and ~HbHd 9 Hz, COCHbCH
aPh), 2.2 
(lH, m, COC~CH2CH2 ), 1.8 ddd, ~HaHc 8.5, ~HbHc 6.5 an
d 
~HcHd 4.5 Hz, CHcHdCHaPh), 1.5 (lH, ddd, ~HaHd 5~5, ~HbHd 9 
and ~HcHd 4.5 Hz, CHcHdCHaPh), 1.2 (2H, m) and 1.0 (2H, m) 
(COCHC~2c~2 ) (Found:~+, 186.1029. c13H14o 
requires~' 
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186.1045), !!!/~ 186 (54%, ~+), 117 (45), 69 (100, c 3H5CO). 
l-Heptanoyl-2-methylcyclopropane (224f). 
Potassium t-butoxide (59 mg) was added in one portion to a 
stirred solution of the phosphine oxide (lOOf) (202 mg) in 
t-butanol (15 ml). The solution was kept mobile by 
immersion in a bath of warm water as required. stirring 
was continued for 2 hand the mixture then poured into 
water (100 ml) and extracted with ether. The extract was 
washed with water and with brine, dried over Mgso4 and the 
solvent removed under reduced pressure to give the ketone 
. 
-1 (224f) (80 mg, 91%) as an oil, vmax. (CDC1 3) 1 695 cm 
(C=O), 6H(CDC1 3) 2.5 (2H, t, J 7.5 Hz, CH2CO), 1.8-0.5 
(12H, m, other H's) overlaid by 1.1 (3H, d, ~ 4 Hz, c~3CH), 
and 0.9 (3H, t, ~ 6 Hz, c~3cH2) (Found~+, 168.1513. 
+ . 
c 11H20o requires~' 168.1513), !!!f~ 168 (1.3%, M ), 98 (54), 
83 (100, ~+-c6H13 ), and 55 (42). 
5-Hydroxypentan-2-one (238a). 
4M Sodium hydroxide solution (20 ml) was added to a stirred 
solution of phosphine oxide (lOOa) (302 mg) in ethanol 
(10 ml). The mixture was then warmed to 60 ·c, maintained 
at this temperature for 3 h with vigorous stirring, and 
then allowed to cool to room temperature. Water was added 
and the mixture extracted with dichloromethane. The 
extract was washed with water and with brine and the 
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solvent removed under reduced pressure to give a pale 
yellow oil. Column chromatography on silica gel eluting 
with ethyl acetate gave the ketone (lOOa) (53 mg, 53%) as 
a liquid whose 1H n.m.r. spectrum was identical to that 
published. 164 
l-Hydroxyhexan-4-one (238b). 
4M Sodium hydroxide solution (20 ml) was added to a stirred 
solution of the phosphine oxide (lOOb) (100 mg) in ethanol 
(10 ml). The mixture was then warmed to 60 °c, maintained 
at this temperature for 3 h with vigorous stirring, and 
then allowed to cool to room temperature. Water was added 
and the mixture extracted with dichloromethane. The 
extract was washed with water and with brine and the 
solvent removed under reduced pressure to give an oil. 
Column chromatography on silica gel eluting with ethyl 
acetate gave the ketone (238b) (22 mg, 60%) as a liquid, 
vmax. (neat film) 3 400 (OH) and l 715 cm-1 (C=O), 6H(CDC1 3) 
3.6 (2H, t, ~ GHz, C~20H), 2.7-2.2 (4H, m, CH2COCH2), 2.2-
1.5 (3H, m, other CH2 and OH), and 1.1 (3H, t, J 7Hz, CH3) 
(Found: ~~-OH, 99.0811. c6H12o2 requires ~-OH, 99.0810), 
!!!/~ 99 (18.4%, ~+-OH), 98 (18, ~+-H20) and 57 (100). 
4-Hydroxy-1-phenylbutan-l-one (238c). 
To a stirred solution of the phosphine oxide (lOOc) 
(250 mg) in ethanol (10 ml) was added 4M sodium hydroxide 
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solution (20 ml). The mixture was then warmed to 60 •c, 
maintained at this temperature for 2 h with vigorous 
stirring, and then allowed to cool to room temperature. 
Water was added and the mixture extracted with 
dichloromethane. The extract was washed with water and 
with brine and the solvent removed under reduced pressure 
to give a pale yellow oil. Column chromatography on silica 
gel eluting with ethyl acetate gave the ketone (238c) 
(66 mg, 69%) as an oil, vmax. (neat film) 3 400 (OH) and 
l 700 cm-1 (C=O), OH(CDC13) 8.1-7.2 (5H, m, Ph), 3.7 (2H, 
t, ~ 6Hz, cg20H), 3.4 (lH, br s, OH), 3.1 (2H, t, ~ 6.5Hz, 
CH2C=O) and 2.0 (2H, quintet,~ 6.5 Hz, cg2CH20H) (Found: 
~+-H2o, 146.0739. c 10H12o2 requires ~+-H2o, 146.0732), !!!/~ 
146 (11.4%, ~+-H20), 105 (100, PhC=O), and 77 (57, Ph). 
2-Hydroxyundecan-5-one (238d). 
4M Sodium hydroxide solution (20 ml) was added to a stirred 
solution of the phosphine oxide (lOOf) (386 mg) in ethanol 
(10 ml). The mixture was then warmed to 60 ·c, maintained 
at this temperature for 5 h with vigorous stirring, and 
then allowed to· cool to room temperature. Water was added 
and the mixture extracted with dichloromethane. The 
extract was washed with water and with brine and the 
solvent removed under reduced pressure to give an oil . 
Column chromatography on silica gel eluting with ethyl 
acetate gave the ketone (238d) (121 mg, 65%) as a liquid, 
vmax . (neat film) 3 350 (OH) and l 715 cm-1 (C=O), 6H(CDC1 3) 
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3.8 (lH, sextet,~ 6Hz, C~OH), 2.7-2.2 (4H, m, CH2COCH2), 
2.2-0.7 (lOH, m, other CH2 1 s) overlaid by 1.8 (lH, br s, 
OH), 1.2 (3H, d, ~ 6Hz, C~3CH), and 0.9 (3H, t, ~ 6Hz, 
c~3cH2 ) (Found !:!+-H2o, 168 .1511. c11 H22o2 requires !:!-H2o, 
168.1514), !!!f~ 168 (9.0%, !:!+-H2o), 111 (47), 98 (62), and 
83 (100, C5H70). 
4-Hydroxycyclooctanone (238e). 
4M Sodium hydroxide solution (20 ml) was added to a stirred 
solution of the phosphine oxide (158) (300 mg) in ethanol 
(10 ml). The mixture was then warmed to 60 ·c, maintained 
at this temperature for 3 h with vigorous stirring, and 
then allowed to cool to room temperature. Water was added 
and the mixture extracted with dichloromethane. The 
extract was washed with water and with brine and the 
solvent removed under reduced pressure to give an oil. 
Column chromatography on silica gel eluting with ethyl 
acetate gave the ketone (238e) (75 mg, 60%) as a straw 
coloured liquid whose n.m.r. spectrum was identical with 
that of an authentic sample of 4-hydroxycyclooctanone. 98 
Attempted rearrangement of (139). 
4M Sodium hydroxide solution .(20 ml) was added to a stirred 
solution of the phosphine oxide (139) (250 mg) in ethanol 
(10 ml). The mixture was then warmed to 60 ·c, maintained 
at this temperature for 3 h with vigorous stirring, and 
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then allowed to cool to room temperature. water was added 
and the mixture extracted with dichloromethane. The 
extract was washed with water and with brine and the 
solvent removed under reduced pressure to give an oil 
(180 mg) . The 1H n . m. r . spectrum of this crude material 
was identical to that of the alcohol (138) 
- 175 - j 
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